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Abstract 

We address issues related to (i) a proposal for resolving a long-standing tension between large vol- 
ume cosmology and phenomenology as regards reconciliation of requirements of different gravitino masses 
within the same string-theoretic framework, as well as (ii) evaluation of soft supersymmetry breaking 
terms and open-string moduli masses in the context of type IIB large volume compactifications involv- 
ing orientifolds of the Swiss- Cheese Calabi-Yau WCP'^[1, 1, 1, 6, 9] with a single mobile space-time filling 
US-brane and stacks of Z?7-branes wrapping the "big" divisor as well as supporting Z)7-brane fluxes. 
In addition, we also include perturbative a'-corrections and non-perturbative world-sheet instanton cor- 
rections to the Kahler potential as well as Euclidean D3- instanton superpotential. First, using the toric 
data for the aforementioned Swiss-Cheese Calabi-Yau and GLSM techniques, we obtain in the large vol- 
ume limit, the geometric Kahler potential for the big (and small) divisor(s) in terms of derivatives of 
genus-two Siegel theta functions. Next, we show that as the mobile space-time filling Z33-brane moves 
from a particular non-singular elliptic curve embedded in the Swiss-Cheese Calabi-Yau to another non- 
singular elliptic curve, it is possible to obtain lO^^GeV gravitino during the primordial inflationary era 
as well as, e.g., a TeV gravitino in the present era, within the same set up for the same volume of the 
Calabi-Yau stabilized at around fO®/f. Then by constructing local (i.e. localized around the location 
of the mobile Z)3-brane in the Calabi-Yau) appropriate involutively-odd harmonic one-form on the big 

divisor that lies in coker (^Hj^'^\CY3) ^ Hj^'^\l^B)j and extremizing the potential, we show that it is 

possible to obtain an 0(1) gvM from the wrapping of I?7-branes on the big divisor due to competing 
contributions from the Wilson line moduli relative to the divisor volume modulus. To permit gaugino 
condensation, we take the rigid limit of the big divisor by considering zero sections of the normal bundle of 
the same - the same being justified by the extremization of the potential. For the purposes of calculation 
of the gaugino masses, matter moduli masses and soft supersymmetry breaking parameters, we restrict 
the mobile Z?3-brane to the big divisor - this has the additional advantage of nullification of the superpo- 
tential generated from gaugino condensation. With the inclusion of the matter moduli corresponding to 
the position moduli of the mobile _D3-brane and the Wilson line moduli corresponding to the -D7-branes, 
we obtain gaugino masses of the order of gravitino mass and the matter fields' masses to be enhanced 
relative to the gravitino mass. The anomaly- mediated gaugino masses are found to be suppressed relative 
to the gravity-mediated gaugino masses by the standard loop factor. New non-zero contributions to the 
/i-tcrms, though sub-dominant in the large volume limit, are obtained from section of the (small) divisor 
bundle encoding information about the ii'Z?3-instanton fluctuation determinant, filling Z?3-brane and the 
Wilson line moduli. There is a (near) universality in the masses, /i-parameters, Yukawa couplings and 
the /t_B-terms for the Z?3-brane position moduli - the Higgs doublet in our construction - and a hierarchy 
in the same set and a universality in the A terms on inclusion of the Z)7-brane Wilson line moduli. 
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1 Introduction 



In the context of string compactifications, obtaining dS vacua and realizing the Standard Model have been 
the two major issues for a long time. In the context of realizing dS vacua, the complex structure moduli and 
the axion-dilaton modulus were stabilized with the inclusion of fluxes [1, 2] and the Kahler moduli could be 
stabilized only with inclusion of non-perturbative effects. A supersymmetric AdS minimum was obtained 
in Type IIB orientifold compactification which was uplifted to a non-supersymmetric metastable dS by 
adding D3-branc, in [3]. Subsequently, several other uplifting mechanisms were proposed [4]. In a different 
approach with more than one Kahler modulus in the context of the Type IIB orientifold compactification 
in the large volume scenarios, a non-supersymmetric AdS was realized with the inclusion of perturbative 
a'^ correction to the Kahler potential which was then uplifted to dS vacuum [5]. Followed by this, again in 
the context of Type IIB orientifold compactification in large volume scenarios, it was shown in [6] that with 
the inclusion of (non-)perturbative a' corrections to the Kahler potential and instanton corrections to the 
superpotential, one can realize non-supersymmetric metastable dS solution in a more natural way without 
having to add an uplifting term (via inclusion of I?3-brane). 

On the way of embedding (MS)SM and realizing its matter content from string phenomenology, the ques- 
tions of supersymmetry breaking and its transmission to the visible sector are among the most challenging 
issues - the first being mainly controlled by the moduli potentials while the second one by the coupling of 
supersymmetry-brcaking fields to the visible sector matter fields. The breaking of supersymmetry which 
is encoded in soft terms, is supposed to occur in a hidden sector and then communicated to the visible 
sector (MS)SM via different mediation processes (e.g. gravity mediation, anomaly mediation, gauge media- 
tion) among which although none is clearly preferred, gravity mediation is the most studied one due to its 
efficient comput ability. However there was a problem of non-universality in gravity mediation of supersym- 
metry breaking to the visible sector that has been addressed (sec [7, 8]) with the arguments that the Kahler 
moduli sector (which controls the super symmetry-breaking) and the complex structure moduli sector (which 
sources the flavor) are decoupled at least at the tree level resulting the flavour universal soft-terms, though 
it has been argued that the non-universality can appear at higher order. Further it has been discussed that 
the small experimental FCNC constraints at low energy can be translated to the non-universal soft scalar 
masses at energy ~ GUT scale [9]. 

The study of supersymmetry-breaking in string theory context has been initiated long back [10] and a lot 
of work has been done in this direction (see [8, 11, 12, 13, 14, 15] and references therein). A more controlled 
study of supersymmetry-breaking has been possible only after all moduli could be stabilized with inclusion 
of fluxes along with non-perturbative effects. Since it is possible to embed the chiral gauge sectors (like 
that of the (MS)SM) in D-brane Models with fluxes, the study of £)-brane Models have been fascinating 
since the discovery of D-branes [16, 17, 18, 19]. In a generic sense, the presence of fluxes generate the soft 
supersymmetry-brcaking terms, the soft terms in various models in the context of gauge sectors realized on 
fluxed D-branes have been calculated [14, 15, 20, 21, 22, 23]. In the context of dS realized in the KKLT 
setup, the uplifting term from the DS- brane causes the soft supersymmetry-breaking; (also see [14, 15] for 
KKLT type models). 

Similar to the context oi dS realization and its cosmological implications, the models in L(arge) V(olume) 
S(cenarios) have been realized to be exciting steps towards realistic supersymmetry-breaking [5, 8, 13, 24, 
25, 27] with some natural advantages such as the large volume not only suppresses the string scale but 
also the gravitino mass and results in the hierarchically small scale of supersymmetry-brcaking. Also unlike 
the KKLT models in which the anomaly mediated soft terms are equally important to that of the gravity 
mediated one [14], in some of the Large Volume models, it has been found that the gaugino mass contribution 
coming from gravity mediation dominates to the anomaly mediation one (the same being suppressed by the 
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standard loop factor) [8, 13] and the same can be expected for the other soft masses as well. Further the study 
of LVS models in the context of iV = 1 type IIB orientifold compactification in the presence of D7-branes, 
has been quite attractive and promising for the phenomenological purposes as in such models, D7-brane 
wrapping the smaller cycle produces the qualitatively similar gauge coupling as that of the Standard Model 
and also with the magnetized D7-branes, the Standard Model chiral matter can be realized from strings 
stretching between stacks of D7-branes [8, 23, 25, 28, 29]. In one of such models, RG evolutions of soft- 
terms to the weak scale have been studied to have a low energy spectra by using the RG equations of MSSM 
(assuming that only charged matter content below the string scale is the MSSM) and it was found that with 
D7 chiral matter fields, low energy supersymmetry-breaking could be realized at a small hierarchy between 
the gravitino mass and soft supersymmetry-breaking terms [8]. A much detailed study with fluxed D3/D7 
branes has been done in the context of N = 1 type IIB orientifold compactification [23, 25, 29] and it has 
been found that the = 1 coordinates get modified with the inclusion of D3 and iD7-branes. The gauge 
coupling of L'7-brane wrapping a 4-cycle depends mainly on the size modulus of the wrapped 4-cycle and 
also on the complex structure as well as axion-dilaton modulus after including the loop-corrections, which 
in the diluted flux limit (without loop-corrections) was found to be dominated by the size modulus of the 
wrapping 4-cycle [25, 30]. In the models having branes at singularities, it has been argued that at the leading 
order, the soft terms vanish for the no-scale structure which gets broken at higher orders with the inclusion 
of (non-)perturbative a' and loop-corrections to the Kahler potential resulting in the non-zero soft-terms 
at higher orders. In the context of LVS phenomenology in such models with D-branes at singularities, it 
has been argued that all the leading order contributions to the soft supersymmetry-breaking (with gravity 
as well as anomaly mediation processes) still vanish and the non-zero soft terms have been calculated in 
the context of gravity mediation with inclusion of loop-corrections [13]. In the context of type IIB LVS 
Swiss-Cheese orientifold compactifications within D3/D7-branes setup, soft terms have been calculated in 
[25]. Recently supersymmetry breaking with both D-term and F-term and some cosmological issues have 
been discussed in [27]. 

Further, there has been a tension between LVS cosmology and LVS phenomenology studied so far. The 
scale required by cosmological/astrophysical experiments is nearly the same order as the GUT scale (~ 10^^ 
GeV) while in LVS phenomenology, the supersymmetry-breaking at TeV scale requires the string scale to 
be some intermediate scale of the order of 10^^ GeV. In this way there is a hierarchy in scales involved 
on both sides making it impossible to fulfill both requirements in the same string theory setup. Although 
LVS limits of Type IIB Swiss-Cheese orientifold compactifications have been exciting steps in the search 
for realistic models on both cosmology as well as phenomenology sides, this hierarchy is reflected in LVS 
setups, as a hierarchy of compactification volume requirement from V ~ 10^ (for cosmology requirement, 
e.g. see [31]) to V 10^^ (for phenomenology requirement ^, e.g. see [8]) and the tension has remained 
unresolved in a single string theoretic setup with the Calabi-Yau volume stabilized at a particular value^. 
Now in the present LHC era equipped with PAMELA and PLANCK, string theoretic models with numbers, 
which could match with experimental-data arc yet to come; and several phenomenologically motivated steps 
have also been initiated in this direction [27, 32, 33, 34, 35, 36]. 

The paper is organized as follows. In section 2, we start off with a summary of our previous work 
on obtaining a metastablc dS vacuum in type IIB compactifications on orientifolds of a particular type of 
Swiss-Cheese Calabi-Yau with the inclusion of perturbative a' corrections and their modular completion 

^In a recent paper [37], the authors have realized soft terms ~ TeV with V ~ 0(10^ — lO'^) in the context of String/F-theory 
models with SM supported on a del Pezzo surface, but with very heavy gravitino. 

■'There has been a proposal [26], which involves a small CY volume for incorporating high-scale inflation and then evolves 
the volume modulus over a long range and finally stabilizes it in the large volume minimum with TeV gravitino mass after 
inflation. 
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along with Dl- and DS-instanton contributions to the non-perturbative superpotential, but without having 
to add anti-D3-branes. We then summarize our work pertaining to the apphcations of this setup to study 
cosmological aspects namely axionic slow-roll inflation and 0{1) /nl pertaining to non-Gaussianities in 
curvature perturbations. We then discuss the appropriate M = I coordinates required on inclusion of 
a mobile DS-brane and a DT-brane, the latter wrapping a divisor inside the aforementioned Calabi-Yau. 
Finally, we discuss the construction of local involutively-odd harmonic one-forms on the aforementioned 
divisor to enable getting an qym on the world-volume of a stack of D7-branes wrapping the divisor. 
Section 3 has a detailed discussion on obtaining the geometric Kahler potential for the Calabi-Yau and 
in particular, the abovementioned ("big") divisor using toric geometry, GLSM techniques and results by 
Umemura and Zhivkov. We also write out the complete moduli-space Kahler potential in terms of the 
closed-string moduli as well as the open-string moduli or matter fields, the latter being the position moduli 
of the mobile Z?3-brane and the Wilson-line moduli on the D7-brane(s). Section 4 is about resolution of 
a long-standing problem in large volume string phenomenology and cosmology - giving a mechanism that 
would generate a gravitino in the early inflationary epoch of the universe and then a TeV gravitino 

at the present times to possibly be detected at the LHC, for the same value of the volume modulus of the 
Calabi-Yau at around . Section 5 has the details of calculations of the gaugino and matter fields' masses, 
soft SUSY breaking parameters: the physical mu terms (/t), the jlB-teims, the Yukawa couplings and the 
^-terms. Section 6 has a summary of the results and a discussion. There are five appendices - appendix A 
provides a justification for stabilizing the Wilson-line moduli at values which combined with the involutively- 
odd harmonic one-forms on the big divisor enable an gYM', appendix B has expressions for the first 
and second geometric Kahler potentials on the "big" and "small" divisors; appendix C lists intermediate 
steps relevant to obtaining the quadratic terms in the expansion of the complete Kahler potential as a power 
series in (fluctuations of) the D3-brane position moduli and the D7-brane Wilson-line moduli (about their 
cxtremum values) ; appendix D has the the first and second derivatives of the quadratic components as well as 
the determinant generated by the latter, in the abovementioned expansion of the complete Kahler potential 
in a power series with one holomorphic and one anti-holomorphic matter fields relevant to the evaluation 
of the soft SUSY breaking parameters; appendix E has the first and second derivatives of the quadratic 
components in the aforementioned expansion of the complete Kahler potential involving only holomorphic 
(or anti-holomorphic) matter fields - these again are relevant to the evaluation of the soft SUSY breaking 
parameters. 

2 The Setup 

Let us first summarize the results of our previous works on type IIB compactifications on a Swiss-Cheese 
Calabi-Yau orientifold (section 4 of [6]) and its cosmological implications ([36, 38]). The term "Swiss cheese" 
(See [25]) is used to denote those Calabi-Yau's whose volume can be written as: V = (r^ -|- J2i^B ^i'^'f)^ ~ 
i^j^^hjTj)^ — where is the volume of the big divisor and rf are the volumes of the h}-'^ — 1 
(corresponding to the {l,h^'^ — l)-signaturc of the Hessian) small divisors. The big divisor governs the size 
of the Swiss cheese and the small divisors control the size of the holes of the same Swiss cheese. Calabi-Yau 
three-fold obtained clS 3< resolution of the degree- 18 hypcrsurfacc in WCP''[1, 1, 1, 6, 9]: 

5 

xf + xf + xf + xl + xl- 18^ n ~ 2,^x\xlxl = 0. (1) 

i=l 

Similar to the explanation given in [39], it is understood that only two complex structure moduli "0 and (j) are 
retained in (1) which are invariant under the group G = Zg x Zig (Zg : (0, 1, 3, 2, 0, 0); Zig : (1,-1,0,0,0) 
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(See [40]), setting the other invariant complex structure moduli appearing at a higher order (due to invariance 
under G) at their values at the origin. 

With the inclusion of perturbative (using [41]) and non-perturbative (using [42]) a'-corrections as well as 
the loop corrections (using [30, 43]), the Kahler potential for the two-parameter "Swiss-Cheese" Calabi-Yau 
expressed as a projective variety in WCP^[1, 1, 1, 6, 9], can be shown to be given by: 



K = -In {-i{T - f )) -ln(^-ij QA 



-2 In 



CY3 



m,neZ2/(0,0) 



(2i) 2\m + nrp 
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-4 2Z zJ 1 cos [ {n + mT)ka- ^ - mkaG" 

peH-{CY^,7,) m,nezV(o,o) (2^)5k + nr|3 V J 

+ / (t-t) \ + / (t— f) \ ■ \^) 



V (^E(m,n)eZ2/(0,0) Im+nrP j (^E(m,n)eZ2/(0,0) \m+nT\^ 

In (2), the first line and —2 Zn(V) are the tree-level contributions. The second (excluding the volume factor 
in the argument of the logarithm) and third lines are the perturbative and non-perturbative a' corrections, 
{n^} are the genus-zero Gopakumar-Vafa invariants that count the number of genus-zero rational curves. 
The fourth line is the 1-loop contribution; Ts is the volume of the "small" divisor and r;, is the volume of the 
"big" divisor. The loop-contributions arise from KK modes corresponding to closed string or 1-loop open- 
string exchange between Z)3- and D7-{or 07-planes)branes wrapped around the "s" and "b" divisors. Note 
that the two divisors for WCP^[1, 1, 1, 6, 9], do not intersect (See [44]) implying that there is no contribution 
from winding modes corresponding to strings winding non-contractible 1-cycles in the intersection locus 
corresponding to stacks of intersecting D7-branes wrapped around the "s" and "b" divisors. One sees 
from (2) that in the LVS limit, loop corrections are sub-dominant as compared to the perturbative and 
non-perturbative a' corrections. 

To summarize the result of section 4 of [6] , one gets the following potential: 



m2 rngb^rx" n^K^^b'^b'' ^ ^ 

s e ^ ss ~^ '293 



l/(r 



|2 



+ E 



c.c. 

3^ 



VFp / 3k1 + kj\ EcEn,mez2/(o,o) e ^ An,m,nkciT)sin{nk.b + mk.c) ^||^|2 



+ 



iki,fe2 V ^1 ^2 y X;c'Em',n'6Z2/(o,o)e \n + mT\^\An',m',n^,,{r)\^cos{n'k.b + m'k.c) 

(3) 

where V is the overall volume of the Swiss-Cheese Calabi-Yau, /(r) is an approoriate apriori unknown 
modular function, is the DS-brane instanton quantum number and m"'s are the Dl instanton numbers. 
The expressions for y, the holomorphic Jacobi theta function 6n" (r, G) and An,m,nkc {t) are defined as: 
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-4 2^ 2^ \ ^ cos (n + mT)ka- ^ - m/caC , 

/36J?,-{CY3,Z) m,neZV(0,0) (20^k + ^^P V / 

Also, G" are defined by G°- = (f — (where c"'s and 6"'s are defined through the real RR two-form 
potential C2 = Caw" and the real NS-NS two-form potential B2 = baUj"')- Note that summing over all values 
of m" and for any given value or set of values of n*, the potential of (3) is symmetric under an NS-NS 
axionic shift symmetry as well as a discrete subgroup of SL(2, Z) that survives the process of orientifolding 
- see [42]. We are hence justified in choosing a particular value or set of values for n*. This will also be used 
in the remainder of the paper. 

On comparing (3) with the analysis of [5], one sees that for generic values of the moduli pa,G'^,k^''^ 
and 0{1) Wc.s., and n^(the £)3-brane instanton quantum number)=l, analogous to [5], the second term 
dominates; the third term is a new term. However, as in KKLT scenarios (See [3]), Wc.s. « 1; we 
would henceforth assume that the fluxes and complex structure moduli have been so fine tuned/fixed that 
W ~ Wn.p.. We assume that the fundamental-domain- valued 6"'s satisfy: ^ < 1 . This implies that for 

> 1, the first term in (3) - |9psW„pp - a positive definite term, is the most dominant. In the same, is 
the volume of the small divisor complexified by RR 4-form axions. Hence, if a minimum exists, it will be 
positive. As shown in [6], the potential can be extremized along the locus: 

mk.C + nk.b = N(^rn,n;,k'')T^ (5) 

with > 1 and for all values of the Z)l-instanton quantum numbers m".^ As shown in section 3 of [38], it 
turns out that the locus nk.b+nik.c = Ntt for < vr and |c"| < vr corresponds to a flat saddle point with the 
NS-NS axions providing a flat direction. For all directions in the moduli space with Wc.s. ~ P(l) a-^d away 
from DiWcs = D^W = = dc^V = dbaV = 0, the 0{^) contribution of J2a,pGc.s.iG~^T^ D^WcsD^Wcs 
dominates over (3), ensuring that that there must exist a minimum, and given the positive definiteness of 
the potential, this will be a dS minimum. There has been no need to add any D3-branes as in KKLT to 
generate a dS vacuum. 

In [38], we discussed the possibility of getting slow roll inflation along a flat direction provided by the 
NS-NS axions starting from a saddle point and proceeding to the nearest dS minimum. In what follows, we 
will assume that the volume moduli for the small and big divisors and the axion-dilaton modulus have been 
stabilized. All calculations henceforth will be in the axionic sector - da will imply dc^ in the remainder of 
this paragraph. On evaluation of the slow-roll inflation parameters (in Mp = 1 units) e = rj = 

the most negative eigenvalue of the matrix N'\ = — y — — ^ with F^^ being the afflne connection 



®If one puts in appropriate powers of the Planck mass Mp, < 1 is equivalent to \b'^\ < nMp, i.e., NS-NS axions axe 
sub-Planckian in units of TrMp. 

^Considering the effect of axionic shift symmetry (of the 6" axions) on the _Dl-instanton superpotential (Woi-instanton), 
one can see that m*^ is valued in a lattice with coefficients being integral multiple of 27r. 
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components, we found that e ~ (^) e v ^ ^ Vn^g^K ^ ^ 7^ where a ~ ^ - See [35]. We will choose V 

to be such that V ~ es^ (See [35]), implying that e ~ •* — g- and 77 ~ ^""'^ — 5-. Using Castelnuovo's 

theory of study of moduli spaces that are fibrations of Jacobian of curves over the moduli space of their 
deformations, for compact Calabi-Yau's expressed as projective varieties in weighted complex projective 
spaces (See [45]) one sees that for appropriate degrees of the holomorphic curve, the genus-0 Gopakumar- 
Vafa invariants can be very large. Hence the slow-roll conditions can be satisfed, and in particular, there is 
no "77" -problem. By investigating the eigenvalues of the Hessian, we showed (in [38]) that one could identify 
a linear combination of the NS-NS axions ("^26^ + kib^" with ki^2 corresponding to the degrees of rational 
curves with the largest value of for a given involution) with the inflaton and the slow-roll inflation starts 
from the aforementioned saddle-point and ends when the slow-roll conditions were violated, which most 
probably corresponded to the nearest dS minimum^. To evaluate the number of e- foldings Ne, defining the 
inflaton I ~ k2b^ + kib^, one can show that (in Mp = 1 units) 



/•fin: dS Minimum l yJ^/SeHi 

Np = — —=dT ~ . (6) 

Jin: Saddle Point Ve 



in: Saddle Point 

One gets the required 60 c-foldings for a choice of the involution such that degree-{A;"} genus-zero curves 



■/3 



correspond to maximum values of the genus-zero Gopakumar-Vafa invariants vPg ~ (60n*)^. Hence, r/ 



Using the "(5 AT" formalism as developed in [46, 47], it was shown in [36] that to get the non-linear 
parameter "/a^l" relevant to studies of non-Gaussianities, to be 0(1), one would need a very large value for 
ra*, about the order of 10^. Now, as we had assumed that the overall volume V of the Swiss Cheese Calabi-Yau 
WCP^[1, 1, 1, 6, 9] had to be chosen in such a way that the Gopakumar-Vafa invariants njj ^ (60n*)^ - this 
ensured that we got 60 e-foldings [38], the contribution to the non- linear parameter /jvl would therefore be 

a. 

~ ^3600 ~ jv^y One gets the non linear parameter f^L ~ 0(1) for V ~ 10^ (which is also consistent with 
COBE measurements - see [31]). To get < 1, one would need ~ 10^, as was mentioned earlier. In this 
way we had shown the possibility of getting finite values of the non- linear parameter /jvl (hence for getting 
large detectable non-Gaussianities) in the LVS limit of type HB Swiss Cheese orientifold compactifications. 
For slow-roll inflation, ~ ^; the Friedmann equation implies that > ^ when slow-roll conditions 
are violated. The number of e-foldings away from slow-roll is given by: AT ~ / which using the 

Friedmann equation implies N J —7^ . Unlike the slow-roll inflation scenario discussed earlier, we will 

assume that the involution is such that the degrees of the holomorphic curve being summed over in the non- 
perturbative a'-corrections involving the genus-zero Gopakumar-Vafa invariants correspond to the largest 
~ V [instead of ~ (60n*)^ as was assumed for the slow-roll inflationary scenarios]. Further, we will 

_ _a_ 

to be 0{1) but more than 1; there will be no e as away from slow-roll trajectories. This implies 



'^The gs-dependence of e and r) was missed in [38]. The point is that the cxtromization of the potential w.r.t.6'"s and c'^'s in 
the large volume limit yields a saddle point at sin{nk.h -\- mk.c) = and for those degree-fc" holomorphic curves /? for which 
6" —m°' I K (assuming that "^j^*" G Z). The latter corresponds to the small values of m" (as fe^'s are sub-Planckian) . Large 
values of m"'s (which are also permitted by induced shift symmetry of m"'s due to that of axions in W D\-instanton) although 
don't satisfy 6" ~ —in°'/K, are damped because of exp(— m^/2g's), especially in the gs « 1 limit, the weak coupling limit in 
which the LVS scenarios are applicable. 

*The ps-dependence does not influence the calculations largely because e~'aa enters only odd number of derivatives of V; 
the Ifessian involves the second derivative of V. 
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that Gab which is ~ ^^^^^ ^ (and G"-^ which is — 0(1), % ^ J'^- ^ 0{l). Note that when 

the slow-roll conditions arc violated, sin{nk.b + mk.c) is away from zero, and consequently T^^ ~ ^'(l), and 
so are the curvature components R\cd- This was then used to obtain /jvl ~ C'(l) in [36]. 

In this paper, we address phenomenological aspects of Swiss-Cheese Calabi-Yau orientifolds in type IIB 
compactifications, pertaining to soft supersymmetry breaking. The appropriate J\f = I coordinates in the 
presence of a single D3-brane and a single D7-brane wrapping the "big" divisor along with Dl-hiane 
fluxes are given as under (See [29, 48]): 

g« = c" - ri3" 

S? 1 S 

Ta = ^{Pa- Mcc'B'') + -Ka + ^n^bcQ^Q" ' G^) 

II 4 4(r — t) 



T = l + ie-^, (7) 

where 

• for future reference in the remainder of the paper, one defines: 7^ = y(pa — \i^ahc(^B'^) + f/^a + 

SA forming a basis for H^'^\t,^), 

• the fluctuations of Z)7-brane in the CY^ normal to are denoted by C G H^{T,^ , NT,^), i.e., they 
are the space of global sections of the normal bundle iVS^, 

• B = }f — If"-, where /° are the components of elements of two-form fluxes valued in i* (i7^(Cy3)), the 
immersion map being defined as: i : ^ CY^, 

• = J^g i*uja aA^ A A^, Ua G H^^'^\CY3) and A^ forming a basis for H^^'^\-E^), 

• aj is defined via a Kaluza-Klein reduction of the ^7(1) gauge field (one-form) A{x, y) = An{x)dx^ P- (y)+ 
ai{x)A^{y) + aj{x)A^{y), where P_(y) = 1 if y G and -1 if y G (7(S^), 

• are D = A complex scalar fields arising due to com|)lex structure deformations of the Calabi-Yau 
orientifold defined via: 5gij{z^) = — |jff|j!i^" iXa)ijk i^Y 9iji where {Xa)ijk components of elements 

oiHf^l\CY^), 

• {Va)\ = pip^*''' iXa)kij, i-e-, V : TCY^^'^^ — > TCY^^'^^ via the transformation: $ ^-^-^o™ $i + 

• are scalar fields corresponding to geometric fluctuations of -D3-brane inside the Calabi-Yau and 
defined via: $(x) = $*(x)9i + $*(x)^, 

and 
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• = f Jj.B fAf, where / G H^_{^^) = coker (^H^iCY^i) ^ H^{J:^ 

The constant kiq enters the ten-dimensional Newton's constant via G^^^ = «;fo = ffs^^; k ~ ("')^- -^^ t'^^ 

four-dimensional Newton's constant G^^^ = ^ ~ ^s^l, where V is the volume of the Calabi-Yau 

WW 

in the string frame, thus, K4 ~ a' ^— . Now, ^uy ~ ^^^jj^tw [48] . This hence implies ^riTTF' 
/tl/^T ~ p in a' = 1 units. 

Working in the X2 = 1-coordinate patch throughout this paper, for definiteness, and defining zi = 
f^, 2:2 = if, 2:3 = ft and Z4 = ^ {z4 for later use) therein, let oj = uji{zi, Z2)dzi G H^'^\j:b : X5 = 0) - 
this implies that uji{zi —zi,Z2 —Z2) = uJi{zi,Z2)- Then d{= dzidijuj = and uj must not be exact. 
Let duj = (1 -|- z^ + z^ + z'^ — (l)QZiZ2)'^dzi A dz2 - it is exact on but not at any other point in the 
Calabi-Yau. This implies that restricted to E^, ^|sb ~ (^o^i-zf ~ ^1^ ~ ^2^ ~ ^l)^- Taking z^ to be around 

Ve - this would actually correspond to the location of the mobile D3-brane in the Calabi-Yau which for 
concrete calculations and its facilitation will eventually be taken to lie at (Vsse'^^, Vsee'^^, Vse'^^) . one sees 
that in the LVS limit 

u.,{z„Z2; zs ~ V^)|., = -2|.?.r - izl' + zl?Z2 - f + f^P.^" + 2(.f + - ^zfzl); (9) 

this indeed docs satisfy the required involutive property of being even. 

Now, the Wilson-line moduli term is: it^fi-j ajaj, where to G H^'^\t,b) could be taken 

to be i{dzi A dzi ± dz2 A dz2)- Hence, 



C '-^ \ui\ dzi A dzi A dz2 /\ dz2\ 1 ~ 

./{3</.o44-2P-4»~Vv}cSs \z3hV^ 

I ,3 ,3 ^ \-2'^zlzf-{zf + ^fz2-% + fz\^zl' + 2{zf + ^)^^ 

~|/ , Zfdz,\^\[ , z\^dZ2\^ 

~ (vi)^ X (Va^)"^ - vivol(EB). (10) 

Hence, if the Wilson line modulus a\ is stabilized at around V~4, then iK\|l^ Jj,^ i*ujAA^ AA^ aiaj ~ vol(S^). 
The fact that this is indeed possible, will be justified in appendix A. Even with a more refined evaluation 

of the integral in (10) to obtain C^i, the results on soft masses and soft SUSY parameters in the rest 
of the paper, would qualitatively remain the same. This implies that the (tree-level^) gauge couplings 
corresponding to the gauge theory living on a stack of D7 branes wrapping = will be given by: 

= Re{TB) - /xaV^ - InV, (11) 

implying a finite Qa- In the absence of a'-corrcctions, strictly speaking g~'^ = ReiTB) — J-Re^ir). J- = 
T'^T^Kf^fi + T"'T^Kah (refer to [49]) where JF" and JF" arc the components of the C/(l) two-form flux on 
the world-volume of DT-brancs wrapping Eg expanded in the basis i*^^,^;^ G H^^"^^ {CY-^) and uJa G 

coker {CY'^) ^ H^'l'^^ {Tjb)^ ^ and = i*uja A i*u)j3 and Kah = ^-^b ^'^ ^ "dilute flux 

approximation", we disregard the contribution coming from as compared to the Vis coming from Re{TB)- 



®See section 6 for a discussion on inclusion of renormalization effects and loop corrections - the result remains unaltered. 
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3 The Complete Moduli Space Kahler Potential 



In this section wc will derive the geometric Kaler potential for the Swiss-Cheese Calabi-Yau WCP^-^ 1 1 6 9] 
because of a Z?3-brane present in our setup. This will enable us to determine the complete Kahler potential 
corresponding to the closed string moduli a",^" as well as the open string moduli or matter fields: Zi,a^ . 



3.1 Geometric Kahler Potential and Metric 

The one-dimensional cones in the toric fan of the desingularized WCP^'^'^'^'^[18] are given by the following 
vectors (See [40]): 

i;i = (-1,-1,-6,-9) 
?;2 = (1,0,0,0) 
i;3 = (0,l,0,0) 
?;4 = (0,0,1,0) 
i;5 = (0,0,0,l) 

(Exceptional divisor) = (0, 0, -2, -3). (12) 
The allowed charges under two C* actions are given by solutions to: 

6 

J2Q>i = 0,a = l,2. (13) 

i=l 

The solution to (13) are of the type: 

{qi ,qi,qi, 2qQ + Gq-i , 3^6 + 9gi , ge) • (14) 
The (C*)^ charges will be taken as under: 





^1 


$2 


$3 


$4 


$5 $6 













2 


3 1 




1 


1 


1 





-3 



(15) 



Hence, one can construct the following inhomogeneous coordinates: -Zi = 2^2 = §|, -^3 = ^f|,(i , = 

The NLSM for a two-dimensional J\f = 2 supersymmetric gauge theory whose target space is the toric 
variety corresponding to (12) with (anti-)chiral superfields ($j)$j, Fayet-Iliopoulos parameters ra and vector 
superfields Va, is specified by the Kahler potential: 

j d^eK = J <fe {j^ ^^e^-i '^^"""^i - 2r„K^ . (16) 

Substituting (15) in (16), one sees that: 

K = + |$2p + |$3|') e^^^ + |$4|'e^^i + l^-sl^e^^^ + l^^l^e^^^-^^^ - 2nn - 2r2V2. (17) 

Now, Jd^eK can be regarded as the IR limit of the GLSM Lagrangian - the gauge kinetic terms hence 
decouple in this limit. One hence gets a supersymmetric NLSM Lagrangian Z^nlsm = / d^OK wherein the 
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gauge superfields act as auxiliary fields and can be eliminated by their equations of motion - see 
can show that the variation of the NLSM Lagrangian w.r.t. the vector superfields Va yield: 



One 



dVi 
dVo 



2^2V2 



12^2^2 



31$, 



[2^2^1-6^2 _ 



r2- 



(18) 



Defining x = e y = e^^, (18) can be rewritten as: 



aix + bix + cixy 



n, 



a2y + C2xy 



-3 



r2, 



where 



ai 



21$ |2 



4| ,Ci 



1$. 
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|$lP + |$2P + |$3P,C2 



-31$. 



(19) 



(20) 



We would now be evaluating the Kahler potential for the divisor Z^s : $5 = or equivalently Z4 = 0, in 
the large volume limit of the Swiss-Cheese Calabi-Yau. In the $2 = $e = 1-coordinate patch, the defining 
hypersurface for £^5 is 1 + zl^ + zl^ + — 3(f)zfz2 = 0. In the LVS limit, we would assume a scaling: 
Z3 ~ V6,zi2 ~ V36. Further, the FI parameters, ri,2 taken to scale like the big and small two-cycle areas 
and t4 respectively, i.e. like Va and \/lnV. 

The system of equations (19) is equivalent to the following octic - we will not be careful with numerical 
factors in the following: 



Z3r(l + \zi\^ + \z2r) y + l^aRl + l^il + \z2nr2y' + \z3\ r^y^ + (1 + ki| + l^2r)2/ - 4ri = 0. 



(21) 



Using Umemura's result [51] on expressing the roots of an algebraic polynomial in terms of Siegel theta 
period matrix with Im{Q,) > defined as follows: 



functions of genus g > 1 - 9 



(z, ri) for G R^,2; G and Q, being a complex symmetric g x g 



1^ 



(z J7) = ^iTr{n+n)'^Q{n+iJ.)+2iir{n+n)'^{z+i') 
neZ3 



The degree n of the polynomial is related to the genus g of the Riemann surface via g = 
octic, one needs to use Siegel theta functions of genus five. The period matrix J7 will be defined as follows: 



n+2 



(22) 



. Hence for an 



/ rill ^12 f^l3 ^14 ^15 \ 

fll2 fl22 ^23 ^24 ^25 

Ol3 $723 ^^33 ^34 ^^35 

^14 ^24 ^34 $^44 $^45 

\ ^^15 Q25 ^35 ^45 ^55 / 



where aij = §j^,dz- 



( CTll <Ti2 <Ti3 <Ti4 (Ti5 \ 

'721 Cr22 023 <^2A 0"25 

Cai Cr32 (733 (734 (T35 

0"41 (742 <743 <744 (745 

V C^Sl <752 <753 <754 £755 / 



/ Pll Pl2 Pl3 Pl4 Plb \ 

P2I P22 P23 PM P25 

P31 P32 P33 P34 P35 

PAl P42 P43 P44 P45 

V P51 P52 Pb3 P54 P55 ) 



(23) 



and pij = 



{Ai} and {-Bj} being a canonical basis of 



' ^ziz-l)iz-2)P{z) ^^(2_l)(2_2)P(z) ■ 

cycles satisfying: Ai ■ Aj = Bi ■ Bj = and Ai ■ Bj = Sij. Umemura's result then is that a root of (21) can 



10 



be written as: 
























1 




1 

2 


1 

2 








" 

















1 

2 


1 

2 





























1 

2 








" 




















1 

2 








" 


1 

5> 
















(24) 



Now, if l^sprfy^ ^ n ^ VlnV, then this suggests that y ~ (/nV)i2 V e. Substituting this estimate 



for y into the octic and septic terms, one sees that the same are of O {^{InV)'-* V » j and O \^{lnV) ^'^ V » 
respectively which are both suppressed w.r.t. to the sextic term. Hence, in the LVS hmit (21) reduces to 
the following sextic: 



y'' + ay + /3 = 0. 



(25) 



Umemura's result would require the use of genus-four Siegel theta functions. However, using the results of 
[52], one can express the roots of a sextic in terms of genus-two Siegel theta functions as follows: 



^22^^ 


1 
2 




1 

2 
1 

2 




-^^213^^ 


1 
2 




1 

2 
1 

2 


{{zi,Z2)M) 






1 

2 




1 
2 
1 

2 


{{zi,Z2),^) 


-^12^^ 


1 

2 




1 
2 
1 

2 


((zi,2:2),0) 


21=22=0 


^22^^ 


" 



1 

2 
1 

2 


{{zi,Z2),^) 


-^21^^ 


" 



1 

2 
1 

2 


((2;i,Z2),r2) 




^12 3ir^ 


" 



1 

2 
1 

2 


{(zi,Z2),ft) 


-^12^^ 


" 



1 

2 
1 

2 


((2;i,2;2),l^) 


21=22=0 


^22^^ 


" 

1 

2 


1 

2 
1 

2 


{(zi,Z2),^) 


-^21^^ 


" 

1 

2 


1 

2 

1 

2 


((Zl,22),^^) 




^12^^ 


" 

1 

2 


1 

2 
1 

2 


{{Z1,Z2),^) 


-^^^^^ 


" 

1 

2 


1 

2 
1 

2 


{{Z1,Z2),^) 


21=22=0 


^^22^^ 


1 

2 

1 

2 


" 

1 

2 


{{Z1,Z2),^) 


-^^21^^ 


1 

2 

1 

2 


" 
1 

2 


((2:1,22), 0) 




^12^7^ 


1 

2 
1 
2 


" 

1 

2 


{{Z1,Z2),^) 




1 

2 
1 
2 


" 

1 

2 


((Z1,Z2),0) 


21=22=0 
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■i 0" 

i 


((2;i,2:2),J^)-a2i3t^ 


-\ 0" 
1 


((21,2:2),^^) 


^22^^ 


"i o" 
J 
" 1 1 ■ 

2 2 

J 




-i o" 

J 

" 1 1 ■ 

2 2 

\ 


((zi,2;2),f^) 

((zi,z2),ri) 


^12^^ 


" 1 1 ■ 

2 2 

1 


((z,,Z2),n)-au^^e 


" 1 1 " 

2 2 

i 


((2:i,2:2),ri) 



^1=^2=0 



One can show that: 



((zi Z2) ^) Q = — 27r ^_'^2i/ini+2fc'2n2^^^_j_^^^gi7rnii(ni+/ii)^+2i7rni2(ni+iUi)(n2+/i2)+i7rf222(n2+/i2)^ 

J ni,n2eZ 

(27) 

where and i/j are either or i. The symmetric period matrix corresponding to the hyperelhptic curve 
w'^ = P{z) is given by: 

( ^11 ^12 \ ^ \ ( 0-22 -0-12 \ ( Pll P12 \ ^28) 

y ^12 $^22 J Ciicr22 — (T12C2I \ — C2I Cll J \ P2I P22 J ' 

where aij = J^^^^, ^^p^^ ^^"^ Pij ~ Izt,B ^^p(^) ^'^^^^ ^ maps the ylj and Bj cycles to the z— plane (See 
[52]). Now, for ~ P in (25), one can show that the term ay ^ and hence can be dropped in the LVS 
limit. Further, along z*(^i) and z*(Sj), y^ ^ P and thus: 



f dy ^ /I 1 4 \ 



rS.F,fi.l;I;l). (29) 



orB, VW+P ^ n6'2'6 



Hence, 



1 „ 1 \ / ^ 1 



Hence, one can ignore the D3—brane moduli dependence of the period matrix O, in the LVS limit. Substituting 
(30) into (27), one sees that 

e^^^~(c^)% (31) 

in the LVS limit where ( encodes the information about the exact evaluation of the period matrix. Substi- 
tuting (31) into the second equation of (19), one obtains: 

3Vnk3p 
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The geometric Kahler potential for the divisor in the LVS hmit is hence given by: 

r2 - (1 + l^lP + \Z2\^ 



K\d5 = r2 - 4 



ri\z3\ 



V 



—riln 



2 



— r2ln 



(33) 



The first order and (mixed) second order derivatives of Kl^^ are given in appendix B. 
The extremization of the NLSM Lagrangian w.r.t. the vector superfields corresponding to the divisor 
-D4 - Z4 = or equivalently $4 = 0- yield the following pair of equations: 



bix^ + cixy 



ri 



a2y + C2xy = r2. 



(34) 



where a2 = |^>iP + |^>2p + |<J'3p, h = 3|^>5p,ci = |$ep,C2 = -3|$ep,a; = e^^Sy = e^^^. Inthe^g = 1-patch, 
one gets the following degree-12 equation in y: 



ri- 



(35) 



^|$5p {rh^ - 3ria2y^° + Sr2aly^^ + a^y^^) - ^ [^2 - (|$iP + |$2p + l^sP) y 

Choosing a scaling (in Ze = Z2 = 1-patch) : 24 ~ 2 ~ (InV) 2 , n ~ r2 ~ V 3 , (35) would imply: 

I (Vy^ - 3vi (InV)^ + 3V3 (InV)^ + {InV}^ y^^) - ^ (v^ - {lnV)Tsy) ~ VTnV. (36) 
1 2 - 

Hence, if y ~ (/nV) 2 3 , i.e., if the y^-term is the dominant term on the LHS of (36), then the same 

is justified as the y,y^^ ,y^^ ,y^^ -terms are respectively V~ 27 , V~27 , V~ 27 , V~9 , and hence are sub-dominant 
w.r.t. the y^ terms and will hence be dropped. One thus obtains: 



y = e ~ 



r^\zl^ + zl^ - 34)z1z^ 



6^612 



(37) 



which hence yields: 

3^ (l+|^l|2 + |^2|^ 



1 



K\d, 



(ra^l^f +4S-3<;!.25*4'|2)s 



T-2 ^ — r 

(r22|.18 + zl8-3,A44|2)5 

"T H a r 



3^ (l+|zil2 + |^2|2) 

9r^ 



r2- 



- n log 



3^ (i+kip+l^al^) 

(r22|zl8+48-3<»zf4P)^" 

(ra^ |zi8+2i8-3<ji2626|2)^ 



The mixed second order derivatives of i^lu^ are given in appendix B. 
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3.2 The a", Zi, y^^-Moduli Space Metric 

The Kahler potential is given as under: 



-In {—i{T — r)) — In 



K = -In (-Ut -f))-ln\i flAQ 

ICYs 



-2ln 



a {Tb + Tb - 7ifgeom) ^-a{Ts + fs- jK^eom) ^ + | ^ 



— 4 ^ ^ \ cos{mk.B + nk.c) 



^ m,nezV(o,o) (2^)5|m + r^r|3 

(38) 



where are the genus-0 Gopakumar-Vafa invariants for the curve P and ka = Jp'jJa are the degrees of 
the rational curve. Further, to work out the moduli-space metric, one needs to complexify the Wilson line 
moduli via sections of NTib (See [39]). Allowing for the possibility of gaugino condensation requires to 
be rigid - we hence consider only zero sections of NT,b, i-6-, we set = 0. The complexified Wilson line 
moduli would then be Aj = iaj. For a stack of A''Z'7-branes wrapping D^, stricly speaking and aj are 
U {N) Lie algebra valued, which implies that they can be written as: = {C,\)aU"' + {C,2)ab&^^ and similarly 
for a/ (See [53]) where U"" and e""^ are the generators of the U{N) algebra. For reasons given in appendix 
A, restricting the mobile D3 brane to guarantees nullification of the non-perturbative superpotential 
from gaugino condensation for all values of > 1. Hence, we are justified in setting A = 1 - ruling out 
gaugino condensation in our setup - and a/ are hence not matrix- valued. We then assume that and 
all components save one of aj can be stabilized to a zero value; the non-zero component ai can be stabilized 
at around V~4. This is justified in a self-consistent manner, in appendix A. 

There is the issue of using the modular completion of [42] for our setup which includes a D7 brane - or 
a stack of D7 branes First, in our analysis, it is the large contribution from the world-sheet instantons - 
proportional to the genus-zero Gopakumar-Vafa invariants - that are relevant and not its appropriate form 
invariant (if at all) under (a discrete subgroup of) SL{2, Z) as in [6, 42]. Second, we could think of the D7 
brane as a {p, q, r) seven-brane satisfying the constraint: pq = (§)^, which as per [54] would ensure SL{2, Z) 
invar iance. 

Though the contribution from the matter fields "C37" coming from open strings stretched between the 
D3 and D7 branes wrapping S_b(= ^5) for Calabi-Yau orientifolds is not known, but based on results for 
orientifolds of (T^) - see [23] - we guess the following expression: 

which for sub-Planckian C37 (implying that they get stabilized at V"'^^'^, C37 > 0) would be sub-dominant 
relative to contributions from world-sheet instantons, for instance, in (38). Wc will henceforth ignore (39). 

It is justified in appendix A that the potential is extremized at values of the complexified Wilson line 
moduli at around V~4. We will use the same in (A17) when evaluating the soft supersymmetry parameters 
in the next section. 



One of us (PS) thanks M.Bianchi for raising this issue with him. 
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4 Resolution of the Tension between LVS Cosmology and LVS Phe- 
nomenology 

We need to figure a way of obtaining a TeV gravitino when dealing with LVS phenemenology and a 10^^ 
GeV gravitino when dealing with LVS cosmology within the same setup for the same value of the volume 
modulus: V ~ 10^ (in = 1 units). In this section we give a proposal to do the same. 

The gravitino mass is given by: ms = e^WMp ~ in the LVS limit. Choose the complex-structure 

moduli-dependent superpotential to be negligible as compared to the non-perturbative superpotential. Con- 
sider now a single ii^D3— instanton obtained by an n*-fold wrapping of Di^ by a single i?Z?3— brane. The 
holomorphic prefactor appearing in the non-perturbative superpotential that depends on the mobile D'i 
brane's position moduli, has to be a section class of the divisor bundle [1)4] - and should have a zero of 
degree at the location of the ED'^ instanton^^ - see [55]. This will contribute a superpotential of the type: 
W ^ {1 + zf + zf + zl - s-^o^M)"^ e^"'^^e„.(g",r) ~ {^+4'+4'+4-^'t>,zlzlY _ ^^.^ .^^^ ^.^j 
that for a volume modulus fixed at V ~ 10^/^, during early stages of cosmological evolution, the geometric 
location of the mobile Z)3-brane on a non-singular elliptic curve embedded within the Swiss-Cheese CI3 
that we are considering was sufficient to guarantee that the gravitino was super-massive with a mass of 10^^ 
GeV as required by cosmological data, e.g., density perturbations. Later, as the Z)3-brane moved to another 
non-singluar elliptic curve within the CYs with the same value of the volume, in the present epoch, one 
obtains a TeV gravitino as required. Let -Si,(o) denote the position moduli of the mobile Z)3-brane. Consider 
fluctuations about the same given by fei,(o)- Defining -F*({2i,(o)}) = 1 + -2^1^(0) + -^2^(0) ^1 (0) ~ ^^o-^i {0)^2 (0) 



one obtains: 



\ + P({Z,(0)}) j ' ^ ^ 

where one assumes P({zj (q)}) ~ 1^"- This yields ma = e^|Ty| ~ yn" {a-i)-i _ 

1. LVS Cosmology Assume that one is a point in the Swiss-Cheese Cls : -P({-Zi,(o)}) ^ Hence, 
what we need is: iQ^^+^ip-" '^cosmo-n" -1) ^ 10^^, or Ocosmo = 1 (n'' > 2 to ensure a metastable dS 
minimum in the LVS limit - see [6]). Now, either zjl ^ V, i.e., zi^2 ~ Vis < V6(as ^1,2,3 < Vs) and 
is hence alright, or 23 ~ V, i.e., Z3 ~ > Ve and hence is impossible. Therefore, geometrically if 
one is at a point {zi,Z2,Z3) ~ (Vis , Vis , za) where 23 (in an appropriate coordinate patch) using (1) 
satisfies: 

V'oV^^3^4-^|-4 ~ V, (41) 

one can generate a lO^^GeV gravitino at V ~ 10^!!! Note that (41) is a non-singular elliptic curve 
embedded in the Calabi-Yau. On redefining iz^ = y and z^ = x, one can compare (41) with the 
following elliptic curve over C: 



-I- aixy + a^y = + a2X^ + a^x + ae, (42) 



'^One of us(AM) is grateful to O.Ganor for very useful clarifications on this point. 
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for which the j -invariant is defined as: j = ^"i"*" — ^ (0103+04) ^j^^^.^ ^j^g discriminant A is defined 
as follows - see [56] - 

A = -(ai+4a2)^(aia6— aia3a4-|-a2a|+4a2a6-a|)-|-9(ai+4a2)(aia3+2a4)(a|+4a6)-8(aia3+2a4)^-27(a|+4a6)^. 

(43) 

The discriminant works out to —ip^V^ — 432V^ 7^ 0, implying that (42) is non-singular. 

2. LVS Phenomenology A similar analysis would require: 6(n*apheno— — 1) + 18 ~ 3, or apheno = 1~ 2n« ' 
which for = 2 {n^ > 2 to ensure a metastable dS minimum in the LVS limit) yields Opheno = 3- So, 
either zi,2 ~ V72 < Ve which is fine or 2:3 ~ Vs < Ve and hence also alright. However, for V ~ , 
one can show that one ends up with a non-singular elliptic curve embedded inside the Calabi-Yau given 

by: '001^21^3^4 — (zf + z^) ~ V^. It is hence more natural to thus choose zi^2 ~ over Z3 ~ V*. 
Hence, the mobile D3 brane moves to the elliptic curve embedded inside the Swiss-Cheese Calabi-Yau: 

i;oV^Z3Z4 - (z| + 4) ~ V5 , (44) 

one obtains a TeV gravitino. One can again see that the discriminant corresponding to (44) is —i/jqV^ — 
432\/V 7^ implying that the elliptic curve (44) is non-singular. 

The volume of the Calabi-Yau can be extremized at one value - 10^ - for varying positions of the 
mobile D3-brane as discussed above for the following three reasons. Taking the small divisor's volume 
modulus and the Calabi-Yau volume modulus as independent variables, (a) the D3-brane position moduli 
enter the holomorphic prefactor - the section of the divisor bundle - and hence the overall potential will 
be proportional to the modulus square of the same and the latter does not infiuence the extremization 
condition of the volume modulus, (b) in consistently taking the large volume limit as done in this paper, 
the superpotential is independent of the Calabi-Yau volume modulus, and (c) vol{Y!ts) > fJ-sV^ for values of 
P taken in this paper corresponding to diff'erent positions of the D3-branc. Combining these three reasons, 
one can show that the extremization condition for the volume modulus is independent of the position of the 
D3-brane position moduli. 

5 Soft Super symmetry Breaking Parameters 

In this section we evaluate the gravitino mass, the masses of the metter fields, the // and the physical fi 
parameters, the Yukawa couplings Yijk and the physical Yukawa couplings Aijk, and the /iiJ-parameters, in 
the large volume limit in our setup. 

The soft supersymmetry parameters are related to the expansion of the Kiihlcr potential and super- 
potential for the open- and closed-string moduli (henceforth referred to as the complete Kahler potential 
and superpotential) as a power series in the open-string(the "matter fields") moduli. The power series is 
conventionally about zero values of the matter fields. In our setup, the matter fields - the mobile space-time 
filling D3-brane position moduli in the Calabi-Yau (restricted for convenience to the big divisor D5) and 
the complexified Wilson line moduli arising due to the wrapping of Z)7-branc(s) around four-cycles - take 
values (at the extremeum of the potential) respectively of order Vse and V^*, which are finite. We will 
consider the soft supersymmetry parameters corresponding to expansions of the complete Kahler potential 
and the superpotential as a power series in fluctuations about the aforementioned extremum values of the 
open-string moduli. 
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The fluctuations around the extremum values of 2:1^2 and Ai are: 

-21,2 = +Szi^2, 

Ai =V~^ +SAi. 



(45) 



Using (C3) - similar to [57] - one arrives at the following expression for the Kahler potential (not being 
careful about 0{1) numerical factors): 

K a^; a^, a^; G", G"; r, f } ; {^1,2, ^1,2; A, A}) ~ -In {-i{T - f)) - In (^i J^^ n Aiij ~ 2 In E 

+ {\5zif + \Sz2\^ + SziSz2 + Sz25zi) K^.^j + [{Szif + (52:2)^) ^^^z,- + c.c 

+ (Mi)^^^i^i + c.c + {SziSAi + (52;2Mi) K^.^^ + c.c + ((5ziMi + Sz2SAi)Zz.Ai + c.c. + ... 

(46) 

where Kz^zj , Zz^zj , -^^1^1 ■ ZaiAi , ^z.Ai ^^'^ ^z,Ai are defined in appendix C and appendix E. 

With 7 ~ /{|r3(See [58]) ~ y, the matrix if - = ^-^^ acidCJ \c-=o " the 

matter field fluctuations denoted by C* = (521^2 > <^>Ai - is therefore given by: 



1 

^2121 „0 ^2122 „0 ^ 



11 \ 



VT5 



v 



I 1 

^2122 \^ „0 ^2122 \^ „0 ^2201 

II 11 65 
7 Vl2 7 Vl2 /I 

^2iai\^ ^22ai\^ „0 ^aiai\^ o , 
Z^/3"'/3 Z^/3"/3 / 



(47) 



In (47) and the remainder of the paper, given the cancelation between the volume of and the quadratic 
term in the Wilson line moduli, appearing in Tb, one has used the following: 



^^(a-^, a^; r, r) + /xaVT^ + mlMTQiV-^ - 7 U + ^ 



^5(<T^,^^;a",a";r,f)+/X3V^ - 7 1^2 + ^ 1 ~/X3V^ ~/nV. 



(48) 



To work out the physical /x terms, Yukawa couplings, etc., one needs to diagonalizc (47) and then work 
with corresponding diagonalized matter fields. To simplify, we have assumed AziZj , Az^al to be real. One 
can show that (47) has the following two sets of eigenvalues, the second being two-fold degenerate: 

Eigenvalue 1: 



:v-'''-^i2Aa,aiV''^^^ + 



2\/2 (V^^^^ Aaj^ai'^ (^Az^zi + ^2222)^0101 + 3^2jai^ + ^A^jai^) ^4fc+- 



(49) 



where 
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In the LVS limit, the above expands out to yield: 

1 



2^/3 "/J 



^aiaiV 36 + 



3A 



(50) 



Eigenvalue 2 



ami "t" 3j42;ja^ + 3^2:201 ) ^ 



which in the LVS limit expands out to yield: 



V36 / 2 ^ {^Az-^zi + ^2222)^0101 + ^■^Ziai'^ + 3^22(1^^^ 

0" I ^{^zizi + ^2222) 



Eigenvalue 3 = Eigenvalue 2 
The eigenvectors are as under: 
Eigenvector! 



A 



+ i2V3 ( . + V3) , 
(51) 

(52) 



aiai 



1 1. 



, ^2iai 6 



2 + A,,,, + ^,222) V^'^+'fe - 6Aa,a,V''+ 



2\/2 (V^^^^ Aaj^a.i'^ i^Az^zi + ^2222)^0101 + + 3^^:201^^ 



■ + 2^/3^ 



^20i (^2) ^S2^ \ ^ 



where 



2122 



2 + A,,,, + ^,222) V^^+f. - 6^„,,,F2fe+| 



2\/2 ^V^^^^'^^oioi {Az-^zi +^2222)^0101 + 3742;jai +3^1^201 ^ V 

+ ^2lOl^220lF^^/=^^~Vi, 



4k+i 



+ 2^/3^ 



i^.,,, (-6^,222^^'=+^ + 2^„,„,F^'=+i + 
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2\/2 (V^^/^ Acj^ai'^ (^ZlZl + ^222:2)^0101 + ^^Ziai^ + 3^2201^) V^^~^' 



v-i. 



+^ZlZ2^220l 

Hence, the eigenvector corresponding to the first eigenvalue (50) is: 

/ PiV-l \ 

\ 1 / 

In the LVS Umit, this is already normalized to unity. 

Eigenvectors 2 and 3 

Given the two-fold degeneracy of the second eigenvalue (52), of the three equations implied by: 



(53) 




(54) 



only one equation is independent, say: 

ai{Azizi - A2) + "2^21^2 + "3^21 01 vt = 0. 
Two independent solutions to (55) are: 

A. 



(55) 



ai = 0, a2 



a2 = 0, cti 



A 



iZlOl 

A, 



(A^i^i - A2) 

Thus, the following are the remaining two linearly independent eigenvectors of (47): 



(56) 



/ 





\ 






1 




■{ » 1 


V 


AiV-i 


) 





(57) 



In the LVS limit, (53) and (57) form an orthonormal set of eigenvectors corresponding to K. Hence, for 
evaluating the physical ^ terms, Yukawa couplings, etc., we will work with the following set of (fluctuation) 
fields: 

5Ai = {I3i5zi + /32(5z2)V"i + SAi, 
5Zi =5zi + \25AiV-i, 

5Z2 = 5z2 + Xi5AiV-^. (58) 
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For purposes of evaluation of the physical /j, terms, Yukawa couplings, etc., we will need the following 
expressions for the square-root of the elements of the diagonalized K in the basis of (58): 



1 



a4 



3A 



aioi 



]/72 



K 



Z2Z2 



0" '^{^zizi + ^2222) 



A, 



aiai 



(59) 

Prom (46), one sees that the coefficients of the "pure" terms, Zij are as given in (El) in appendix E. 
Quite interestingly, one can show that 



Z 



VT2 



1 



1 



11 \ 
VT2 \ 



1 11 



11 
VT5 



V E^ 



11 
VT2 



65 
V3F 



(60) 



Hence, the eigenvectors corresponding to the diagonalized Z^j are the same as that for Kfj - hence (53) and 
(57) simultaneously diagonalize Kfj and Zij\ The eigenvalues of (60) corresponding to the diagonalized Z 



are: 



ZziZi = 6 {Zzj^zi + Z; 



6 



22 22 J 



2 I 72 
21^1 "I" -^22^1 



11 
9 : 



■^>li^i 

Zmm=ZmM-V--9. (61) 

Before we proceed to read-off the soft SUSY breaking terms, we would like to point out the following. 
The non-perturbative superpotential corresponding to an i?D3— instanton obtained as an n*-fold wrapping 
of D4 by a single £'I?3-brane as well as a single D7-brane wrapping D5 taking the rigid limit of the wrapping, 
along with a space-time filling DS-hiane restricted for purposes of definiteness and calculational convenience, 
to D5 will be given by: 



W 



1 + zl^ + 4« + {S^ozfzl - zl^ - z^^ - 1) 3 - 3(f>ozfz^ 



(62) 



which for (2:1, -22) ~ (Vae , V^o ), yields V 2 . Hence, the gravitino mass ms = e 2 WMp ~ V 2 Mp, which 
for = 2, V ~ 10^ gives about lOTeF. 

Substituting (45) into (62) (and again not being careful about 0{1) numerical factors), one obtains: 



1 -I- {Szi + dz2)< n'^Vse + (mV3)^Vs 



^2122 



+5Ai {-[Ai + A2](m'//3)V^i - n'[Xi + AajV-^^} + ((fci)^ + (^2)^) HziZi + 6zi5z2Hz 

+ ('^^O'm^A + <^^l<^-^l/"2i^i + <^^2Ml/^,2^ + (('^^1)' + (<^^2)^) Yz,z,Zi + {{SzifSz2 + {dz2fdZi) Yz,z,. 

+{^zif^AiY^^^^^^+dzi{6Ai)X^^^^^+dzidz2dAiY^^^^^^ + (,^^1)' 



(62 
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The n terms (fJ^ij) and the Yukawa couphngs Y^jk are spelt out in 5.2 and 5.3 respectively. 
5.1 Gauginos' and Matter Fields' Masses 

We first need to evaluate the F™ terms where = K™^ DnW = K™'- [dnW + WdnK), for which 
we first need to evaluate K'^'". Using (46), in the LVS limit, one obtains: 



1 
1 

VTH 
KB2a -^36 



which - in the LVS limmit - hence yields: 

/ 



vi 



VTS 
1 

37 



vi 



A;iA;2 



kik2 



Oil) 
0{\) ) 



(64) 



(65) 



Therefore, 



70" 



V 
V 

2 "'"36 ; 

V 



(Vi^) 



V-- 



17 
' 18 : 



V36(n^ + V-M) + (g«,g») 



n^(m" + 



(g",g") 
ZnV 



)+v- 



(g",g«)(n^ + V-35) + A;«A; 



ra*(m'' + 



(g°,g") 
ZnV 



+ V"6 



Prom (66), we conclude that the gaugino masses will of given by 



2Re{TB) " 

rsj y 2 rsj 



V-- (V" 



T8 + 



n'k.mk.Q 



V^ 



2 



(66) 



(67) 



where we have used the fact that the gravitino mass ms ~ V 2 ^. Hence, what we see is that like the 

2 

claims in the literature (See [8], etc.), with the inclusion of Z)3- and Z)7-brane moduli, the gaugino masses 
are of the order of gravitino mass - however, given that we are keeping the volume stabilized at around 10^ 
(in Is = 1-units) such that for = 2, ms ~ lO^TeV. 
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The open-string moduli or matter fields' masses are given by: 

,2 



mf = mi +Vo- F"'F^dmdnlnKf, 

2 



1 



\ a 



1 

^7 



Using (A20), we estimate 



{n'y\W\'VTs 
V2 



~ 1/ " IS ~ V 18 mi . 



Further, using (66) and results of appendix D, we arrive at the following results: 

F'^F^dmdnKz.z- - V-'^'-^ ~ mlvi; 

Substituting (69) and (70) into (68), one obtains: 

9 9 / 19 35 \ 9 19 

mi, mi 1 + Vi8 + V36 ~ mi Vis; 

'2V / 2 



2 2 

m 7 ~ ms 
Ai 2 



implying 



5.2 Physical n Terms 



/ 19 73 \ 

(l+V^ + V36j ~ V 

-9 73 

' •^l 



36 ma, 
2 



To evaluate the canonical "physical" /i terms - denoted by /i - one needs to evaluate F'^d^nZz^Zi 
F'^djnZj\^_A.i- Therefore, using (66) and (E2), one obtains: 



F"'dmZz,Z,^V-'T-"i. 



Similarly, using (E4) and (66), one obtains: 
Now, 



z K 

\W\ 



H" ^ 3 ^ij ^ij ^ij ^ij 



Prom (63), one obtains the following non-zero //-terms: 
n^(n^ - 1) 



2 



-I- n*" V"T8 -I- (inVa) VTs -|- rf{iiJi2,rf) 



n^in^ — 1) 



+ [A^ + A^](m^//3)'V-Tt[Ai + \2fn\in'iJii)V 



e 2 



-A,V-Tl|n^ + + rz^(mV3)[Ai + Mv'^ ] + A,(mV3)^V-t 



22 



using which we get: 



_21__1 £2 21 

2 

_ 3 

- ,_33 
IJ'AlAl ~ V 36 7713. 



5.3 Physical Yukawa couplings {Yijk) and 74-parameters (Ajfc) 
Prom (63), one obtains the following non-zero Yukawa couplings: 

'n^{n^ — 1) 



YziZiZi ~ eT"^ \ n^Vt + (mV3)^V^ + n^(mV3)^V5S + 



+ n*(m*/X3)V 36 



e 2 V 12 



n"(n"-l)(n"-2) n"(n" - 1) 



+ 



+ (mV3)'^VT2 



+V36 (i7i^/X3)^ra* + V 36(m*^3) 



n*(n** — 1) 



^^^^ ~ e-^<| n^V-i(A? + Ai) + {in'ti^fV-^^ + V-in^[A - 1 + A2](m>3)'[A? + Ai] 
n^(n^-l)" 



+V 36(i77'*//3) 



n° + 



-A2V t - A2V 36(mV3)^ + 



[Ai + A2][A2 + Ai]|; 

n^{n^ — 1) 



n 



(mV3)[Ai + A2]V + V"36[Ai + A2]n'*( 



+V-36[A2 + Ai] 



n^A^V-ir + (A2(^i) + 2AiA2)(m>3)^V-i + V-in^(m^//3)'[A? + A^] 
n*(n* — 1) 



35 

36 



ra^(n^ - l)(n^ - 2) ra*(n'^ - 1) 



6 



+ 



2(Ai + A2)V-tt(mV3)3 



+V i(n*^o)(in''Ai3)[Ai + A2] + V 3l7i*[Ai + A2](mV3)2 
ra*(ra* — 1) 



+V i2(mV3) 



[Ai + A2]^. 



Given the following definition of the physical Yukawa couplings: 



one obtains the following non-zero physical Yukawa couplings l^jfeS: 



YziZiZi ~ V24m|; 
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i ^ 2 
_ 85 

3^22 ~ V72m3 ; 
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^Zi^2A ~"^'"^"^f• 



The j4-terms are defined as: 



Using: 



and (66)one obtains: 
Using: 



dasYijk ~ 0; 
dasYijk ~ n^Yijk', 
dgo.Yijk ~ {G"',G°')Yijk, 

35 1 



dcraK ^ — ~ V~ 



A 



TsiaS, aS- r, r) + /X3V - 7 |^''2 + ^Sac 
(having taken ^ /c''n^sm(...) ~ V^), 



and (66), one obtains: 
Finally, using (Dl) and (66): 

and using (66) and (D3): 



2 



F'^dmlnKziZi n^V 2 ss^n^Vsems, 



F"'dmlnKr 7 ~n"V-^~T5 ^ra^V^ms. 



24 



Hence, substituting (83), (85), (86) and (87) into (81), one obtains: 

A s-,,22 



37 



A 



A^ZiZ.. 



~ n 1/36 777,3 . 



(88) 



5.4 The /tS Parameters 

The /ii?-parameters are defined as under: 

1 







' W 


H 






^\W\ 


+ 








-6 





K-K-- 

II 33 



+ [2mi+Vo) Zij6ij - msF'^dnZijSij + msSijF'' 



9m ^ij ^13 



(89) 



where 5ij has been put in before the Zjj-dependent terms to indicate that we are working with the diago- 

nahzcd matter fields (58). 

Substituting (85), (86), (derivatives w.r.t the closed string moduh a",^" of) (76), (El), (61), (66), (73) 
and (E3): 



which gives: 



Further, using (A20), 



(a) ^e'^F^dmKtizA ~ vim|, 

\W\ 2 

T/T/^ 13 

(6) e^F^dmliz,z^ ~ V-^ml, 
\W\ 2 

(c) ^ef/X2,2,F-5„/n(i^2^^J ~ vim- 

{d) -f-e^ nZiZi^V^sms, 
\W\ 2 



(a) + (6) - 2(c) - (d) ^,37 2 



9 



K 



ZiZi 



mi + Voj ZziZi 

KZiZi 



V36 mi, 
2 



(90) 



(91) 



25 



Vi2m|, 

ma (F-^draZz^z, - 2Z z^Z^F^ drain (k^A ) , 

Kza, 

F^F^BrndnZz^z, - 2F^F^ (drnZz^z,) {djn (Kz^z)) 



223 o , ^ 

~V mi. (92) 
KziZi 5 

Note, when substituting in the first equation of (A20) as the extremum value of the potential Vq in (92), 
we have assumed the following. For a non-supersymmetric configuration, from [49] we see that the tadpole 
cancelation guarantees that the contributions to the potential from all the £)3-branes and 03-planes as 
well as the D7-branes and 07-planes cancel out. However, there is still a D-term contribution from the 

f/(l)-fluxes on the world-volume of the D7-branes wrapped around of the form (j^(Tb)-tiu(It)) ' ^® 
drop the same in the dilute flux approximation as was done in section 2. 
Prom (91) and (92), one obtains: 

223 9 

(A^W, -Vfiml. (93) 



Similarly, 



which gives: 



(a) ^e^F^dmKn^^^^^V^ml, 
W ^^^^'-^rn/^^^-V-imi 

id) ^ef/x^^^^~V-Tim|, (94) 



M±itM^.V-fmi (95) 
AiAi 



Further, 



V36 ml. 



m 



AiAi 

l^'^^^^AiAi .,31 2 

2 ^ V36m3, 

K ~ ' 2 

AiAi 



26 



ma {F^dmZ^^^^ - 2Z^^^F-dmln (k 



AiAi 



V36 mi 



K 



AiAi 



K 



2 



Prom (95) and (96), one obtains: 
Finally, 



(A^U^i ~"^''^■ 



(96) 
(97) 



(a) ^e^F^^mk^,^^^^ V-f m|, 
(d)^^e2u 7 ~V ems, 



.31 2 
36 777,3, 



which gives: 



(a) + (6) - (c) - (<i) 



K r r K 



(98) 



(99) 



6 Summary and Discussion 

In this article, we have discussed several phenomenological issues in the context of L(arge) V(olume) 
S(ccnarios) Swiss-Cheese oricntifold compactifications of type IIB with the inclusion of a single mobile 
space-time filling Z)3-brane and stack® 

AA8@vU wrapping the "big" divisor along with supporting Z)7-brane fluxes (on two-cycles homolo- 
gously non-trivial within the big divisor, and not the Calabi-Yau). Interestingly we have found several 
phenomenological implications which have been different from the LVS studies done so far in the literature. 

We have proposed a possible resolution for the long-standing tension between LVS cosmology and LVS 
phenomenology : to figure out a way of obtaining a TeV gravitino when dealing with LVS phenemenology 
and a 10^^ GeV gravitino when dealing with LVS cosmology in the early inflationary epoch of the universe, 
within the same setup. The holomorphic pre-factor coming from the space-time filling mobile D3-brane 
position moduli - section of (the appropriate) divisor bundle - plays a crucial role and we have shown that as 
the mobile space-time filling D3-brane moves from a particular non-singular elliptic curve embedded in the 
Swiss-Cheese Calabi-Yau to another non-singular elliptic curve, it is possible to obtain lO^^GeF gravitino 
during the primordial infiationary era supporting the cosmological/astrophysical data as well as a TeV 
gravitino in the present era supporting the required SUSY breaking at TeV scale within the same set up, 
for the same volume of the Calabi-Yau stabilized at around 10^ (in /s = 1 units). This way the string 



There has been a different proposal [26], which involves treating the volume modulus as an inflaton which starts off at a 
small value for incorporating slow-roll inflation and then evolves over a long range and finally stabilizes to the large volume 
minimum with TeV gravitino mass after inflation. 
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scale involved for our case is ~ 0(10^^) GeV which is nearly of the same order as GUT scale. In the context 
of soft SUSY breaking, we have obtained the gravitino mass 771,3/2 ~ 0(1 — 10^) TeV with V ~ lO^lg^ in our 
setup. We have found the gravity mediated gaugino masses to be of the same order as the gravitino mass. 

While realizing the Standard Model (SM) gauge coupling gvM ~ 0(1) in the LVS models with D7-branes, 
usually models with the D7-branes wrapping the smaller divisor have been proposed so far, as D7-branes 
wrapping the big divisor would produce very small gauge couplings. In our setup, we have realized ~ 0(1) 
9ym (at the tree level) with D7-branes wrapping the big divisor in the rigid limit (i.e. considering zero 
sections of the normal bundle of the big divisor to prevent any obstruction to chiral matter resulting from 
adjoint matter - corresponding to fluctuations of the wrapped Z)7-branes within the Calabi-Yau - giving 
mass to open strings stretched between wrapped D7-branes) implying the new possibility of supporting SM 
on D7-branes wrapping the big divisor. This has been possible because after constructing appropriate local 
involutively-odd harmonic one-forms on the big divisor lying in the cokernel of the pullback of the immersion 
map applied to H^'^^ in the large volume limit, the Wilson line moduli provide a competing contribution 
to the gauge kinetic function as compared to the volume of the big divisor. This requires the complexified 
Wilson line moduli to be stabilized at around V~4 (which has been justified). Note, similar to the case 
of local models corresponding to wrapping of Dl-hvanes around the small divisor, our model is also local 
in the sense that the involutively-odd one-forms are constructed locally around the location of the mobile 
D3-brane restricted to (the rigid limit of) D5. 

Also, from the first reference in [10], the effective gauge couplings for an observable gauge group Ga 

including renormalization and string-loop corrections, to all orders, at an energy scale u » ms satisfies 

2 

the following equation: 

Svr^ 1/ IGtt^ 

+^4^/n [g-' ($-, u)] - J] ^In det ($-, ^^)] (100) 



87r2 



<1>"^ denoting the closed string moduli, fa being the gauge (Ga) kinetic function, r denoting a representation 
for an observable gauge group Ga, Ur denoting the number of matter fields transforming under the represen- 
tation r of Ga and T denoting the trace of the square of the generators in the appropriate representations. 
Given that we have been working in the approximation: /X3V18 ~ InV (justified by V ~ 10^), from (46), (47) 
and (D5) one sees that the third and fifth terms on the RHS of (100) are proportional to InV ~ /^sVTs ~ fa, 
implying thereby that there are no major modifications in the tree-level results for the gauge couplings. 

On the geometric side to enable us to work out the complete Kahler potential, we have calculated the 
geometric Kahler potential (of the two divisors D4 and D5) for Swiss-Cheese Calabi-Yau WCP^[1, 1, 1, 6, 9] 
using its toric data and GLSM techniques in the large volume limit. The geometric Kahler potential is 
first expressed, using a general theorem due to Umemura, in terms of genus-five Siegel Theta functions or 
in the LVS limit genus-four Siegel Theta functions. Later using a result due to Zhivkov, for purposes of 
calculations for our paper, we express the same in terms of derivatives of genus-two Siegel Theta functions. 

Further, let's look at the anomaly- mediated gaugino masses which are given by (See [59, 60]): 



- (E. nMr) - 3T^dj(Oa)) ma - (E. n,r„(r) - T^i{Ga)) F^Km + 2Y.,Ta{r)F^dmln det (k,- 

(101) 



28 



2 



Using F'^djnK ~ ms Vis and (D7), one sees that: 

j_ 

Vis ma 

(102) 



Vis ma 
'"■a 2_ 

52 ~ 87r2 



which using 5a ~ V is (from (100)), imphes 



ma^--^m3. (103) 



From (67) and (103), one sees that similar to [8, 13], the anomaly mediated gaugino masses are suppressed 
by the standard loop factor as compared to the gravity mediated gaugino masses. It has been found that 
due to competing contributions from the Wilson line moduli, there is a non-universality in the F-terms 

F'^ ~ Vis ma which for V ~ 10^ is approximately of the same order as F^" ^ ms; ^Vsema- 

2 22 

a reverse non-universality as compared to, e.g., [61]. This is attributable to the cancelation between the 
divisor volume corresponding to and the Wilson line moduli contribution in ^^Tb" ■ Further, wherever 
there is a contribution from F"'" to the soft parameters, there will be a hierarchy/non-universality. 

The matter fields corresponding to the position moduli of the mobile D3-brane are heavier than the 
gravitino and show universality. However, Wilson line modulus mass is different. We obtain a hierarchy in 
the physical mu terms //, the fiB-terms as well as the physical Yukawa couplings Y; however we obtain a 

universality for the A-terms - larger than ms - for the D3-brane position moduli and the Wilson line moduli. 

2 

However it can be easily seen from table 1 that in the physical p,,Y and fiB terms, that main part of the 
non-universality appears from the Wilson moduli contributions while there is an approximate universality 
in the D3-brane position moduli components for which the physical /t, Y and fiB arc heavier than gravitino. 
Also, as the string scale in our setup is nearly of the same order as the GUT scale and the open string 
moduli are more massive as compared to the ~ TeV gravitino (and gauginos), one can expect (e.g. see [9]) 
that the presence of non-universality will be consistent with the low energy FCNC constraints. Further we 
have found that /x^ ~ fiB for the D3-brane position moduli (which show universality of almost all the soft 
SUSY breaking parameters) consistent with the requirement of a stable vacuum spontaneously breaking 
supersymmetry - see [62] - whereas /t^ <C fiB for components with only Wilson line modulus as well as the 
same mixed with the £)3-brane position moduli. Also, the un-normalized physical mu-parameters for the 
D3-brane position moduli (K^^ZiP-ZiZi) are ~ TeV, as required for having correct electroweak symmetry 
breaking [62, 63]. Our results are summarized in Table 1. 

It will be interesting to see what happens to the couplings with the inclusion of higher derivative terms 
- one expects to include ^ J-^^ {pi {TT,b) — pi (NEb)) as an additive shift to T of section 2 (See [49]). 
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Gravitino mass 
Gaugino mass 


2 

^ ?. 


D3-brane position moduli mass 
Wilson line moduli mass 


mz ~ Vsems 

^ K 72 7713 


A-terms 


A 72,7 ~ n 1/86 ma 

A T ^ ^ ~ n 1/36 771,3 


Physical /Lt-terms 


^ 37 ■ 

fj-ZiZi ~ V 36 777, 3 

flAiZi ~ V 4 7723 

33 2 

/f^l^l ~ V 36 7723 
^ ?3 ^ 


Physical Yukawa couplings 


YZiZ.Zi V 24 777 3 
37 2 
y_2 -p- ~ V 24 777 3 

. * 1 2 

127 

5^i2 5r V 72 77Z3 
2 

85 

YX,A,A,-^ 24 777| 


jlB-teims 


(.f'B)z z ~ VW777| 
37 2 

ifiB)ziZ2 ^ VlSTTll 

5 2 

2 



Table 1: Results Summarized 
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A Justification behind Ai ^ V^^ 

In this section we justify that the Wilson line moduli can be stabilized, in a self-consistent manner, 
at values of the order of V^*. We evaluate the complete moduli space metric for arbitrary Wilson 
line moduli but close to V~4 - for simplicity we assume only one such modulus. This implies that 
we replace TB{a^ ,(f^;Q"-,Q'^;T,f) + /iaV^ + iAt^^yC^jV"^ — j + '-f^^ with Vis (and the same for 

Ts{a^ , a^'iG"', G"",T, t) + + inliijCiiV'^ — 7 (^"2 + ^) ) with the understanding that there is a can- 

celation between the big divisor's volume and the quadratic term in the Wilson line moduli. This is only to 
simplify the calculation of the metric for arbitrary values of the Wilson line modulus - we would arrive at 
the same conclusion by starting out with a completely arbitrary value of the Wilson line modulus and sta- 
bilizing it by extremizing the potential. We assume that all the remaining moduli have been stabilized (the 
complex structure and axion-dilaton moduli via the covariant constancy of the superpotential, the closed 
string Kahler and the open string mobile D3 brane position moduli via cxtrcmization of the potential). We 
then show that the potential is identically an extremum for all values of the Wilson line modulus close to 



As we are considering the rigid limit of wrapping of the Z)7-brane around (to ensure that there is 
no obstruction to a chiral matter spectrum), there will be no superpotential generated due to the fluxes 
on the world volume of the DJ-hiane [29] - the same is given by kI/iyIC^ Jj.^ sa A J^, sa & H'^_{^b) 
and vanishes when ("^ = 0. Further, by restricting the mobile Z)3-brane to 1)5, possible contribution to 
the non-perturbative superpotential due to gaugino condensation in the presence of a stack of D7-branes 
wrapping (a rigid) D^, will be nullified. The reason is that the contribution to the non-perturbative su- 
perpotential due to gaugino condensation on a stack of N DT-branes wrapping will be proportional to 

(1 + zl^ + + Z3 — 300^1 -zf) J which according to [55], vanishes whenever the mobile D3-brane touches 
the wrapped DY-hiane. Hence, when the mobile L'3-brane is restricted to -D5, the aforementioned con- 
tribution to the non-perturbative superpotential goes to zero. It is for this reason that we are justified 
in considering a single wrapped D7-brane, which anyway can not effect gaugino condensation. Hence, 
again using the reasoning of [6, 42, 55], the superpotential, assuming as in KKLT scenarios a very small 
complex-structure moduli-dependent superpotential which (as in [6]) we disregard as compared to the non- 
perturbative superpotential, will be given by: 



where Ts is the a/ = limit of (7) corresponding to an £'D3-instanton wrapping D4 and /(r) is some 
appropriate modular function, which we do not know. In the following, we assume that the complexified 




,2 



(Al) 
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Wilson line moduli are given entirely in terms of the Wilson line moduli and verify this in a self-consistent 
manner by extremization of the potential. 

To evaluate the potential, we would need to evaluate the inverse of the moduli space metric. As also 
stated in 3.2, we then show then in a self-consistent manner that one can set all components of sections of 
NT, B and all components save one of the Wilson line moduli Ai to zero - the non-zero Wilson line modulus 
can be consistently stabilized to V~*. Now, the derivatives of K relevant to the calculation of the moduli 
space metric G^g , assuming Ai to be in the neighborhood of V~" 4 ^ are given below: 

1. Single Derivatives 

. dK 

dzi 



dK 

dzi 



2 

'y 



(2tb + /XaZ^Vl^ + ... - 7i^geom) ' I SiflsfMijZ^ + Itisl^ (MijZ^r-ayiz' + {uB)fjz'z\V){) 



-7(ZnV)-Avi \ - ^ (2t5 + fisl^V^s + ... - jK^,,^Y \ 3i,,3l\ios)ijZ^ + -Ai^f {{us\-^z\V-aiz' + {us)qz'z\V) 



_7_ 29 
-^{InV) 12V36 



(A2) 



dK 



dK 
95° 



dK 



2 

y 



y (2ra + Hsl'^V 18 + ... - 7ifgeom) 



(A3) 



dK _ 2 

dg^~~y 



3a 



(2tb + H^fVTs + ... - 7irgeom) 



(r-r) 



-KBac{Q'^ — G'^ 



3a (2ts + /xaZ^Vis + ... - 7ii:geom) 



+4 E 



"/3 E 1 ' 

f3eH-{CY3,Z) m,n6ZV(0,0) (2^ ^\m + nT 



r - r 2 



-sin {mk.B + nk.c) 



(r-f) 

rn/c" + m/c" 
(r - T«) 



- dK 

dK _ 2 

d^~~y 

2. Double Derivatives 

d'^K 

d&BdaB 



(2tb + flsl'^VTs + ... - 7Kgeom) ^ .GiK'^l^riCBY^ Ar 



(A4) 



(A5) 



d'^K 



2 



^V^2ra + /X3Z2Vi^ + ...-7-f^s 



geom 



3a 



2y 



2Ta + H3l^VTs + ...-JK, 



geom 



vi 

(A6) 
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2 



3a 



^ 2ts + flsl'^VTa + ... - 7Kgeom ^^2tb + Hzl'^V^ + ... - -fK^ 



'^geom 



(A7) 



d'^K _ 2 



i^Bac[y -y ) + -7, 7 =\ i^Sac{y - y ) 



(T-f) 



-4 E 
3a V 2rB + /xgZ^V^ + ... - 7ifj 



r - T 2 



E 

(2i) 2 jm + nrP 



sin {mk.B + nfc.c' 



(r-f) 



(r-f) 



E 



n 



■/3 



E 

nez2/{0,o) (2^ 2 |m + nrl 



-sin {mk.B + nk.c] 



(r-f) 

r;;,A-" + mk"- 
(r-f) 



2 

y 



3a \^2tb + Hsl'^VTs + ... - 



geom 



(r-f) 
E 



KSab + 



3a \^2ts + Hsl^VTs + ... - 



geom 



r - r 2 



-4 E . ^ 

(ieH-{CYs,z) " m,nez2/(o,o) (2i)2|m + nr|3 





COS {mk.B + nk.c) 



-I^Sac 

T - T) 

fnk"" + mk"" fnk^ + mk^ 
(r - f ) (r - f ) 



X;raflCos(...) 



V 



da"dg<' 



(A8) 



(a) 



3a 



2tb + Hsl'^VTa + ... - jK, 



geom 



3a 



18 + ... - 7K 



geom 



(r-f) 



3a V + /XgZ^V 18 + ... - 7ifgeom 

; K,sac{y - y 



HBac{Q^ - Q'^ 



+ 



-4 E 4 E 

peH-{CY,,2.) m,nezym (2^^!^ + nr^ 
9ai 



(r-f) 

3 

(f-r)2 . / , „ , .fnk"' + mk°- 

sm {mk.B + nk.c) — rr — 

(r-r) 



2^2tb + li^l'^V^ + ...~lK^ 



geom 



(6) Similarly, 



V seKBacg" 



(A9) 
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3a 



KBac 



KSac 



^^■^ \\/2tb+ /X3/2VT^ + ... - 7-f^geom ^J2TS + f^al^V^ + - ' jK, 



geom / 



+ 



y2 



2tb + HaPVTS + ... - 7ifgeom {/Xs/^V^ {UB - UJsjij C^' - 7 (^?^V) 12 Vi } 



K-Baciy -y ) + 7 =^ /^saclb/ - y ) 



(r-f) 



(r-f) 



if-T)l 



-sin {mk.B + nA;.c' 



(r-f) 



^ ^ ^ ...^1 ^ ,3 



1/18 



(AlO) 



Uk^IJL'j{cb) 



IK 



eom 



3i 



(r-f) 



KBaciG'^ — G'^ 



+ 



3^ 



3a \J2tb + Hsl^VTS + ... - Ti^geom = 3a V2t5 + f^sPVTs 

I^Bacyy ~ y j + 



7K 



geom 



(r-f) 



-4 



E 



(r - r)^ 



-sin {mk.B + nk.c) 



2 (r-f) 
Tnk°' + mfc" 



l3eH-(CYs,z) ''m,nezV(o,o) (2^)^l?» + nr|3 ^ ' (r f) 

3tt 1 ~ 

y (2rB + ^^3l'^V^ + - - 7^geom) ' Mk^ H7{cbY^ Aji 

V^KBahQ^ 



(All) 



dzidzj 



d'^K _ 2 

7 29 I 

-7(/nV)"T5V36 I 



3a 
2 

3a 
Y 



3a / ,9, ,1 

— (2rs + ii^l^V-s + 

(2rs + n^l^VTi 



18 + 



7i^geomJ ' { 3t,,3l'{iOB)fkZ' + ^^^l' (^(u;B),S^"(Pa)f ^' + {uJ b) fkZ' {V)\ 



J 7^5, / 



geom 



7 29 

-7(ZnV)~i2 V36 



3a / 9 1 

y [2tb + MsrVlB + ... - 7-f'^geom 



Sif,sl\u;B)k]z' - l^i3l' {MkpHVa)lz' + Mikz'z\V)l) 
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-j{lnV) 12 V 36 



2 

y 



17 

V18 



(A12) 



2 



-7(ZnV)- A Vi I - y (2r5 + /xaZ^V^ + ... - T^^geom) " !^3ifi3lH^s)fkz' + ^f^sl' {MfkzHVa)jz' + {cos)rkz'zHV)~^) 



7 29 

— 7(ZnV)~i2 V36 



2 

y 



QiKin7{cBy^Aj X 



3a 



29 

36 > -, 



Vs {a;B - us}fj i^Ai 



(A13) 



d^K 2 3a 



(2rs + /xaZ^V^ + ... - 7-fi^geom) 



(2rB + /xs/^V^ + ... - 7i^geom) ' | 3i/X3/2(a;B),fe^^ + -JJi^l^ {{uB^kZ^'iVat z' + Mfkz'z^rt) - 7 (^nV)- A V 



7_ 29 
36 



71 29 
36 



3a 



3zM3/2K),s^^ + f M3^' (K)ife^n7'a)^' + Mi-kz'-z\V)t) - 7 (^nV)-- V 



7_ 29 
36 



2:y 



(2ra + /X3Z2V18 + ... - 7-fCgeom) 



- {uJB-'^s]i-ji^^ 



(AM) 
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(a) 



d^K _ _ 
Ba^dA^ ~ y^ 



2 1 — 

(2tb + HzfVTs + ... - 7Kgeom^ ' 



y (2rs + ll^fV^ + ... - 7i^geom) ' MK^in{cBY^Aj 
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(6) Similarly, 



dA'dAi 



(A15) 



da^BAi 



2 

'y 



^ ^ r + Y (^2tb + /X3/ V18 + ... - 7-frgeom j ■6^/^ M7(cb) 

(2ts + jJL^.l'^V^ + ... - 7^geom) ' 



IJ 



2 

+5^ 



3o 1 ~ ~ 3tt 1 ~ ~ 



Hence, the combined closed- and open-string (matter field) moduli-space metric is given as under: 



(A16) 



G 



AB 



235/36 
1 

,35/36 



^37/36 

,37/36 
A B 

Z 

A B 



^35/36 
1 

^35/36 

^37/36 

,37/36 
A S 

z 

^ s 



^37/36 
j;37/36 

Agig2 

A„i 

10/9 



^37/36 
^37/36 

h^Z2 



Z 

A s 



TT079- 

^17/ 18 



A B 
Z 

A s 



Q'-Z2 
,10/9 

^17/18 



Ag2j,^A,Z^/^^ 

Az^aAi^ 



\ A,«^,^iz5/36 A,cj,^Aiz^/^^ Aq.j.^Axz^!-'^ Aq2j,^Axz^!^^ A,,j,,Ai^ A,,j,,Ai^ Ai^z^'/^^ 

(A17) 



We have assumed in this paper that the involution a is such that 



V3 



V'^, where 



A; ^0, = ^ and ^^cos(...) ~ V. The components of {G i)^-^ are given as follows: 



V; 



^ * 

v-l 



Ar ' 
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(G-'r^' - (A18) 

Now, restricted to -D5, using (A18), (Al), assuming that the complexified Wilson line moduli can be 
stabilized around ^1 ~ V~4 and: 

dac^K ~ ^J^V-^, O^bW ~ 0, d^sW ~ n'W; 
dgaK - ^ ' ' ~ V-6, dgaW - (rTia + 



d,iK\D, - 5.»^|i55 ~ ^^3l'{^s}iJV-eW■, 



V 



18 



one obtains the following F-terms: 



e DfjcWD^aW ~ = most dominant ~ Vb(= extremum value); 

e^G" ' D^aWD-jW ~ — , , ; 



e^G^'^^DgaWD^^W 



V2 



^Kqz -^iD^iWDsW ^ - — — ^ — '-^ 



e^G^^^^DA.WD^^W ~ ■ (A20) 

We thus see the independence of the = 1 potential in the LVS limit in a self-consistent way on ^1 
assuming it to be around V~4. This justifies our assumption that one can taken the Wilson line moduli 
to be stabilized around V~4; we hence do get a competing contribution of the order of the volume of D5 
in Tb, which would hence guarantee 0{1) Yang-Mills coupling constant corresponding to the non-abelian 
gauge theory living on a stack of D7-branes wrapping D5. Note that Ai = is also an allowed extremum, 
which is in conformity with switching off of all but one Wilson line moduli for our analysis. 
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B Derivatives of K\jj^ and K\Di 



One needs the first and second derivatives of the geometric Kahler potential with respect to the position 
moduh of the mobile -D3 brane, restricted in this paper, for convenience, to D^. We also give, for completeness 
and for future work, the same for the geometric Kahler potential restricted to D4. 
The first and (mixed) second order derivatives K\jj^ are as follows: 



-3r2 



3r-i 



( < V 



V (r-lkap) (ri|^3p) 



VM + (ZnV) 12 VM + -v/Z^VM + (^nV) 12 vii ~ (ZraV) 12 



7 29 



2_ 29 



dziKgeom = dz^Kgeouiizi ^ Z2) ^ (InV) 12 V 36 



-If C ^Mlf 2c5^~|6-6 I ,AS^ I 4(.-r-0.-M)((2,^.i«.2«-.2^«)fiWK^-^Z2«)(l+k2|^)) 
l(z|) V'"! kaPy IV 1 i -r 2 ; -r 



2C (t^j^)^ ((2'/'2l«Z2«-Z2l«)zi+2lS (zil2-</>Z2«) (l+k2p)) (2,^^1^6^6-21 Z« 



3r-12f (2j2-</>2|) 42ll'^-4</l 218226+3 21^8 Zl-</) 21622'' Zl-22^*21+4zi"z2 22-4021^22 



7 22 - 3 '"2^1 ^ ^ 3 j.r2 zi'' Z2^' 



('■il^alQ ( 



3n(202l26g6-z,gl8+gl7(-i_^|^2p)-.j'gf gf (l + k2p))(Sl) , 

1\ 2+- 



! (2</,2i6 226-22l«) C (^r2-(l+|2i|2 + |22p) (-^) ^ 



H1) [M^y^^'^^' (^)'^i-i^ (^)' 

2C25(2P-026) ((20216226-22") 21+21^(21 12-0226) (i+|^2p)) |^r2-(l+|2l|2 + |22|2) (^-^ j 

'■I (-^3) 



3 ri 



3.ll« 0.16,^6 ,,^18 3.2^ll^(^-r-^44) 3,Ar2.l8^.2«(-.-r+.A.-M) 



-r2+ 
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_ _ Z_ 5 

• dz^dz^Kgeom = dzidziKgeouiizi ^ Z2) ^ (InV) 12 Vis 

• (?22 -K^geom — 



2f 
+ — 



(^n^)^ (^2S!»+<^21 4 2122"+'?^%^ 4 (1-22222)) ((2«i2i6 22«-22^»)2l+2l5(2ll2-</,Z26) (I+I22P)) 

'■I (-^3) 



3r-i2§ (^Yl^)^ ^4zi"-4 22^+3 zii*zi-</)Zi«Z2® 21-^2^® 21 +4 21^22 22 -4 </)2i5z2^ 22- 



i i 1 \ 2 

3ri2l5(2ll2-0^2«) (^-3<^r2 26 2|+3r2 2f-4 22 2-f Vl2 022 2f 2| ^-4 22 218 



221^22 21^ 



1 / I 



2C.i(-(0.-f)+4^)(;^)'((2<^.l'^22«-.2l«).-lW (2/2_^,2'^)(l+|22p)) (^r2-(l+klP + |22p) (^) 

where Si = SrsZi^^ - 3<^r2 2i5z2« - 4^/^ (frfep)' + 4<^^i^22^ (?rfeF)' " ^^^''^i (fTRf)' + 

0.1^.2^.-1 (;^)^ + .2^«.-i (^)^ -4.1^^ 1.2 P (;:^)^ +4^.1^.2^.-2 (^)^ ~ Vi, and 

29 

S2 = ^ .2) ~ Vse 

Hence, in the LVS Umit, the Ds-metric components will scale with V as follows: 

1:1: t: l:l:t:;:)~<'»^'"*^*(«S 
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The mixed double derivatives of the Kahlcr potential restricted to -D4 are given as under: 

^ ^ ^\ (r22|48+4«-3</.44|2)^ 

(r22|2f+^f-3<;!.z64|2)T 
63K22(2ii«-3<^2i6^2«+22l»)52(-(02?5i)+52in , 335 

rra 

635 22 (-((/' 2l«22")+22l^) 



(r22|2l8+2l8-3</.262f|2)5 

35 (-21 18+0 2^^6226+2218) 



r + ^ ^ r 

(2ll8-3</.2l6 226+22l*) {r2^ |2l8+2l8-3#«26 1 2 ) 5 (21 18-3 </) 22H22I8) {r2^ |2l8+2l8-3<^262||2) 5 

/ 1 . « „ 12r2^Z2^(-(^zi^)+Z2^^)(zi''S-3,l,zi<^.2'^+Z2'^^)Uz^4-4'^)\ 

3ri 35 (zil8+5</,2l6 226-722l8) ^ \ ^ J Ml g ^ M-^ 1 2 2 J 

\ (r22|zl8+48-3<»z64|2)5 ^ ^ 

(21 18-3</. 216 226+2218) (^35+35 |2l|2+35 |22|2-r2 (^2^ |2l8+2l8-302f 2f p) 5 j 
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(r22|2[8+2l8-3</,2626|2)3 
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(2ll8-3</.2l6 226+22l8) (^35+35 |2l|2+35 |22|2-r-2 (r-22 I2I8+2I8-302626 12) 5 ^ 
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(2ll8-302l6 226+22l8)(Sl)2 

3ri (S2 I (835^1^2^ ( 



^2 



12^ 



zi + 39 {Zi^^ + 5CPZI^Z2^-7Z2^^) Z2- 



2^2^ (- (cPzi^) + Z2^^) ( 43t - 3r2 (rs^ \z\^ + zf 



bzlzl\^^^ 
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Si = 35+35 + 35 1^2p - r2 (ra^ jz^ + z^/ - 34)zfz^\^)^ , 
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]2 = 39 2:2 + 
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(r22|2l8+2l8-302f26|2)5 
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(r22|2l8+2l8-302626|2)-^ 



TU" 
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1 n; r 
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6ri zi^ (2ii2_</,z26) 435 Z2+ 
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(zii«-3</.Zl«Z2'*+22^'*)(Sl) 
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(2ll8-3<A2l6 226+22l«)(Sl) 



o (oh , 2r23(2ii8-3<^2i6 22<*+22i«)(<}!.44-2f )\ /„i /„ 18 r-J, 6 6 18\ - , o 5 / 12 j, 6\ 

3ri 39Z2H ^ — — H — —\ 39 (721 ° - 50zi°Z2 - -^2 ) ^1 + [zi -(pz2 ) 
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3ri 39 Z2 + 
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C Intermediate Expansions Relevant to Evaluation of the Complete 
Kahler Potential as a Power Series in the Matter Fields 

The following are relevant to the expansion of the geometric Kahler potential in dzf. 



3(j)ozfz^ - - 4^ - VV [1 - V-^{5zi + 5z2) - V-Ts{{5zif + {6z2f) + ... 



{\3^ozf 



6^6 ^18 ^18|2V* 



c 



6 1 r 1 1 



Z2 Zi Z2 

2 I lx„ |2 



r2 - [^j V'Ts I^VTs +\;M{5zi + dz2 + c.c.) + \Szi\^ + \dz2r + (^-^i) + i5z2y + 5zi5z2 + c.c. + \6zi+5z2r + 

1 

f C \ " 

—r2ln 



-r2ln{ ( V'^ \ +r2 



,ri\S(l)ozfzl-zl^-zl^\y 

5z — 1 + Sz2 + c.c. (Szi)'^ + (5^2)^ + SziSz2 + c.c. + \5zi + ^2^ ((5zi + Sz2 + c.cS^ 

Vr2 1 r-2 i 1- 



Vse 



Vis 



9ri 



-2-(^)'(i + kiP + N^ 



(|30o-z? 



6-6 _ -18 _ -18|2A 18 
Z2 Zi Z2 \ I 
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9ri 



r2 Vn 



6zi + 6z2 1 {6zif + {6z2)^ + dzi6z2 + c.c. + \6zi+5z2\^ , 1 



+ 



r2 



—riln 



r2 



-(;^)'(i + l-iP + N^) 



(|3</.o4^ 



_18 
^1 



|2 \ TS 



{6zi + 6z2 + c.c.) 



+ .. 



-r2ln I r2\l —j 

C (Ifcip + |(5z2p + (^-^i)^ + iSz2 f + 5zi5z2 + C.C. + \6zi + (5z2p) 1 / C {Szl + 5z2 + c.c. 



ri 

Cy {{^Zl + dZ2 + c.c.)'^ 

n) 



r2Vi8 



r2 V n V36 



(fci + 5z2 + c.c.) + \5z2\^ + (fci)^ + (fc2)^ + 5zi5z2 + c.c. + \6zi + ^2^) ((fci + 5z2 + c.c.) 



V36 



r2Vi8 



Vis 



+ ... 



~ —r2ln r2\ — + 



{5zi + 5z2 + c.c.) + |fc2p + (fci)^ + {5z2f + 5zi5z2 + c.c. + \5zi + fe2p) + 5z2 + c.c.) 



V36 



Using (CI), one otains: 



r2Vi8 



VT8 



+ 



(CI) 



, r|C , r2(fci + ^2 +C.C.) {{5zi)^ + {5z2)^ + 5zi5z2 + c.c.) {\5zi\^ + \5z2\^ + 5zi5z2 + 5z25zi 

^geom Dg ~ ^ 1 \-r2 1 |-r2 i \- ... 

ri V36 Vis Vl8 

(C2) 



-2ln 



TB{a^,a^;g'',g'';T,f) 



+/X3< V« + V36 (fci + ^2) + (^-zi)^ + {Sz2)'^ + Szi6z2 + V36 (fci + (5z2 + C.C.) + Ifcip + |(52;2p + 6zi6z2 + (52;2<52;i) 



-7 



Crn (5zi + 5Z2 + c.c.) (^-21 + 5-^2 + (Szi)^ + (^2) + SziSz2 + c.c. + (5Z1(5Z2 + Sz2Szi 

h r2 1 1- r2- ■ ■ ■ ^ ^ — 1 

ri V36 Vis 



Ts{a^, a^; G", g'';T, f) + fi^lV* + V* (Szi + SZ2) + ((5zi)^ + {Sz2)'^ + SziSz2 + {Szi + 6z2 + c.c.) 



+\dzif + \Sz2f + dzidz2 + dz2dzi) 
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-7 



Cri , {5zi + 5z2 + c.c.) , {\5zi\^ + \5z2\^ + {5zif + {5z2f + 5zi5z2 + c.c. + 5zi5z2 + 5z28zi 

h r2 i h r2- ■ ■ ■ ^ ^ — 1 

ri V36 Vis 



-2ln 



L /3 



- |rs(a^ a^; g^ g'^; r, f ) + /xaVi^ - 7 ^2 + ^ 



+{dzi + (^2:2 + + dz2) M3V36 



A 



Ts{aS, aS; g«, r, r) + /X3V 1^ - 7 ( ^2 + — 



n 



+7r2V 36 



dzi\^ + \6z2\^ + 6ziSz2 + Sz2Szi^ I (msV^) 



Teia^, aB- g^, g<^- r, f ) + //gV^ + inliijCiiV-^^ - 7 (^2 + 



^r5((T5, a^; g«; r, f) + /xgV^ - 7 (^-2 + ^) 
+(7^2V"^)^ 



A 



rB((7-S, a^; 6?", r, f) + /iaV^s + m2^7(7nV-2 - 7 ( r2 + ^ 



A 



r5((7^, a^; r, r) + /xgV^ - 7 [ ^2 + ^ 



+/X37'^2 



L^TbK, a^; ^) + /^sV^ + ZAtl/X7CiiV-5 - 7 (r2 + ^) 

1 



rs(a«, a^; r, f) + //sV^^ - 7 (rs 



n 



43 



^1 . 



Ts{aS, aS; r, f ) + //3V " 7 f?^2 + ^ 



+ (fciMi + SZ2SA1 + (52;iMi + SZ2SA1) 



Using (CI) and (C3), one arrives at (46), wherein: 



(/XaVse +7r2V se)^ 

'^2 



7b((t^, a", a"; r, f) + /X3V^ + ml/i7CiiV-^ - 7 ( r2 + ^ 



1 



r5((7^, a^- g», g»; r, f) + /X3V^ - 7 I ^2 + ' ^ 



+ 



(jU3V36)2 +yiX37r2 \ 



^ UrB((7S,aS;a«,a«;r,r)+/X3V^ +m|/X7CnV-^ -7(r-2 + ^) 



Ts{a^, a^:Q°-,Q'^] t,t) + //3V is - 7 (r2 + 



n 



, (7r2V 36)2+^3 j 

E U 



TB{aB,aB; G", g»; r, f) + nsV^ + ml/i7CnV-i - 7 ( ^^2 + ^ 



Ts{aS, a^; r, f) + //3V^ - 7 k2 + ' ^ 



K 



{iKliijC^lV—^f 



:1c 



rB((T-B, a^; g«, g«; T, f) + H3VT8 + iKlfxjCiiV-^ - 7 f^2 + ^ 



44 



1 , 



{iKlf^jCilV 4)(^3V36) 



TbK, a^; g^ r, f) + /i^Vts + zKl^yCnV-^ - 7 (rs + ^) 



^ rs(a^, a^; g»; r, f) + //gVi^ + ikIi^jChV-^ - 7 (|^2 + - ^ 



(C4) 

and 



3 

2/-\ \ 2 



- (rsia^ a^; g", g-^; r, f) + /.sVi^ " 7 (^^2 + ^ j + ^ n^/(g^ Q'^; r, f). (C5) 

D First and Second Derivatives of K^.z- cind -fC r ? and First Derivatives 
of deti^ij with respect to Closed String Moduli cr", Q"- 

The first and second derivatives of K^.z^ and K ^^j^ are relevant to the calculation of the soft SUSY breaking 
parameters in section 5. 
We can show that: 



d<j'-Kz,Zi ~ 



1 _ ^ ] 

rs(a^, a^; g-^; r, f) + ^x^VT-s _ ^ (r2 + ^) J 

(/X3V^ + 7r2V~^) 

2 ^ 

(r«(a°, a«, g«; r, r) + /xaVi^ + ml/xyCnV-^ - ^ (ra + ^)) ' S 
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((7r2V 36)2 + ^3^ 



(/XaVse +7r2V se) 



_3B 

~ V 18 : 



dgaK_ 



ZiZi 



Ts{uS, aS- T, r) + /xgV - 7 ^''2 + ^ 



Tb(c7^, a^; r, f) + /xgV^ + iKlM7<^ilV-5 - 7 (r2 + ^) 

1 

r5((7^, a^; g»; r, r) + ^x^V^s _ ^ (^2 + ^) 



772 




n ) \ 



Ts{a^, a^; g", g^; t, f) + hsVts _ ^ ( r2 + ^ 



ri 



41 

~ V36 . 



(Dl) 



Hence, 



insV^ + -fr2V-^)^TB{aB, u^^g'^^g'^; r, r) + /xaVi^ + mlMrCiiV-^ - 7 (r2 + ^) 



1 



rB((7-B, a^; r, f) + M3V^ + mlM7CiiV-5 - 7 (rs + ^) 

r5(a5, a^; r, f) + n^V^s _ ^ (^2 + ^) 

(/iaVse +7r2V 36 ) 

S (rB((7S, a^; g«, r, r) + /xaVi^ + mlAirCilV-^ - 7 (r2 + ^)) 



46 



7b(c7^, a^; g^; r, f) + fisVTS + inlinC^iV-'^ - 7 (^2 + ^) 
1 1 



^r5((75, a^; g»; r, r) + fi^V^ - 7 (^2 + ^) ^ 

(/UsV^ + 7r2V"^) 
S2 (TbK, a^; g"; r, f ) + ^x^VTs + iKlfijCnV-^ - 7 (^2 + ^)) 

(mbV^ +7r2V~^) 

S (rB((7-B, a^; g», g«; r, r) + /xgVil + inl/j^jCriV-^ - 7 (^2 + ^)) ' 

(M3 + {7r2V-^}) (//3 + {7r-2V-M}) [TB(a^,a^;g",g";r,f) + //3V^ +ml/X7CnV-^ -7(^2 + ^)" 



773 



(m3 + {7'^2V 36 1^ 



+ 



(m3 + {7'^2V 36 1^ 



daBdasKz^i 



(At3V36 +7r2V 36) 



i 



rs(a-^, a-E^; g", r, f) + + m2/i7CnV-2 - 7 r2 + 



rs(a^, a^; g"; r, f) + /X3V^ - 7 k2 + ' ^ 



n 



r5(a^, a^; r, f) + /X3VA - 7 (^2 + ^ 



+- 



Ts{aS,aS- g^^Q'^- r, f) + n^V^^ - 7 (^2 + ^)] ^ 
(/X3V^ + 7r2V 



Tb((t^, a^; a^ a'^; r, f) + ^sVii + ml^rCnV-^ - 7 (ra + ^) 
^^(a^, a^; r, f) + MaVi^ - 7 (r2 + ^) 



36 



r5((75, aS; a«, g«; r, f ) + //aV^ + mlM7CnV-5 - 7 (r2 + ^) 



Tb((t^, (7^; g", g-^; r, f ) + ^sV^ - 7 (^2 + ^)] TeCa-^, a^; g'^; r, f ) + ^gV^ - 7 (r2 + ^) 



(/X3VM +7r2V-M)yr5((7^,a^;g«,g»;T,r) +/X3V^ -7 (r2 + ^) 



47 



(m3 + {ir2V-^ }) ^jTsiaS, a^- r, r) + fi^V^ - 7 (''2 + ^) 



(m3 + {7^2V 36 I j 



7b((T-B, a^; a», g«; r, r) + M3V^ + mlM7CiiV-5 - 7 (r2 + ^) 



^ r5((7^, a^- r, r) + ix^VTS - 7 (^r2 + ^ 



(^aVM + 7r2V-M Wr«(a", T, f) + /xgV^ - 7 (r2 + ^) 

da<-dgakz^Zi ^ig 



Tb((7^, a^; r, r) + /xaVT^ + mlM7CiiV-5 - 7 (r2 + ^) 



+ 



'?5(a^,a^;e;«,^«;T,f) + /x3V^ -7(?'2 + ^)^ H2 [r«((x",cT";g^g«;T,f) + /x3Vi^ -7(^-2 + ^) 

(r«(a", a«, r, r) + /xgV^ - 7 (^2 + ^)) (/^a + {7r2V-^ }) vt 



^3 



(/X3V36 +7r2V aejVe 43 



r„ (a" , a" ; a« , ; r, r ) + /X3 V ^ - 7 (r2 + ^ 

dgadQaKz.z. 



^ r5((7^, a^; a«, a«; T, r) + ^ir^V^s _ 7 ^^2 + ^ 



2 



^rB((7-B,a^;g«,a«;r,r)+/X3VTi +mlM7CiiV-5 -7(r2 + ^) 



Ts{(tS, a^- T, f) + ti^VT-s - 7 (r2 + ^) 

(m3V3H +77-2V~^) 



48 



- P 



Tsia^, a^; G", G"; t, f) + /X3V + ikIh^C^iV-^^ - 7 ra + 



ri 



A 



Ts{aS, aS; g<^; r, f ) + nsV^s _ 7 ^2 + ^ 



1 

rB((7-B, a^; a», a«; r, r) + /xaVli + mlM7CiiV-5 - 7 (r2 + ^) 
1 1 



Ts{aS, aS; g<^, Q^-t, f) + /xgV^^ - 7 (^2 + ^) 
(^3 + {ir2V~^yj 



- P 




\ 



\ 



rs{aS, aS- g«; r, f ) + /X3V 1^ " 7 [?'2 + ^ 



(m3 + [ir2V 36 I j 



A 



rB((7^, a^; a«, g»; r, r) + /xaV^ + m|Ai7CiiV-^ - 7 ( r2 + 




\ 



TB(<rB,ff«;5'',ff'';T,f) + TOVW + Jsl(17CiiV-l - 7 (r2 + ^ ) - 



rs(a^, a^; r, f ) + /xaV 1^ - 7 [ ^2 + ^ 



_35 
~ V 36 . 



Similarly, 



'^'^ AiAi 



11 



+ ^ 



r2C\\ 2 



11 



sK ~ 



rB(a^, a«, g»; T, r) + /xsV^ + mi/XTCiiV-^ - 7 (r2 + ^) 

2"^ ^ ~ V 6 ; 

^ r5((T5, a^; g», a»; r, f) + /xgV^ - 7 (^2 + ^) 



49 



dgaK 



AiAi 



\ 



23 



(D3) 



from where one concludes: 



11 



S2 (rB((7-B, a^; g», g«; r, f ) + /xgV^ + ml/xyCnV-s _ ^ (^2 + ^)) 



S (TbK, a^; T, f ) + fi^VTs + iKlfi^CnV-^ - 7 (^2 + ^)) ' 

V^^TbK, a^; g»; r, f) + /xgV^ + ml/iyCnV-^ - 7 (^2 + ^) 



25 



(Ts{a^, a^; g^ r, f ) + //gV^ - 7 (^2 + |^)) 



Sy(Ts(c75,a5;g«,g«;r,r) + /X3VA -7(r2 + ^)) (Tb((t-B, a^; g«, r, r) + /xgVA + ml/xyCnV-^ - 7 (r2 + 



ri 



V^^Tsia^, a^; g^,g''; r, f) + /xgV^ - 7 (^2 + 
S2 (rB((7-B, a^; a«, g«; r, f ) + /xgV^ + m|M7CnV-5 - 7 (r2 + ^)) 



V^JTsiaS, a^; r, r) + /xsV^^ - 7 (^2 + "4r) 

^ V 9; 



d.BdgaK^^J^ 



11,5 



11 I 5 
V"6" + 6 ..7 



S2 (TBia^, a^; g», g»; r, f ) + /xgV^ + ml/xrCnV-^ - 7 (^2 + $)) ' 



VT2; 



11 I 5 

V"6"+6 



TbK, a^; g»; r, r) + //gV^ + mlMrCiiV-s - 7 (rs + ^) 
^-^^ — ~ V 3 j 

r5(a^, (jS; a^ T, f) + /xsV^ - 7 (^2 + ^) 



50 



dgadgaK 



29 



In the above {i^^\^l^CllV 4^ ~ V e . 
Now, 



det (k^^ = (k^^^;)\k^^^;) 



rB(a-B, a^; g'^; r, f ) + ii^V-r^ + m|//7CnV-5 - 7 (rs + ^) 



(7r2V"^) 



A 



rB((7-B,a^;g«,g«;r,f)+/X3Vi^ +mlM7CiiV-5 - 7 (r2+ 



ri 



Ts{aS, a^; g^ r, f) + ^aV^ - 7 [''2 + ^ 



EJTBia^, a^; G", Q"; r, f) + //aV^ + iKlinC^iV'^ - 7 (^2 + 



Hence, we see that: 



'4 



VT8 ■ 



TB{aB,aB-ga^ ga. + ^3VT^ + i^l^^CnV-^ - 7 (^2 + ^) 



r5((7^, a^; g-^; T, f ) + /xsVi^ - 7 (^2 + ^) 



rB(a-B,a^;g«,g«;r,f) + /X3V3^ +m|M7CnV-^ -7 fr2 + ^ 



r5((7^, aS- r, r) + n^V^ - 7 ( ^2 + — 
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Tb(c7-B, a^; g», r, r) + /xgVA + ml/xrCiiV-^ - 7 (r2 + ^ ) 

1 



^ 3 
2 



1 



+ 



Ts(c7^, a^; g"; r, f) + ii^Vts _ ^ I + ' ^ 



11 



E^^Tsia^, aB- g-, Q^- r, f) + + m|/X7C^nV-2 - 7 (^2 + ^ 

1 

7B(cT^,^^;^",^";T,f) + /X3V^ +mlM7CnV-^ -7(r2 + ^) 



r5(a5, a^; r, r) + ^isV^ - 7 (^2 + ^) ^ 



Ts(c7^, a^; g"; r, f) + //3VT5 - 7 ^2 + 



(TbK, a^; g"; r, f ) + /xsVii + iKly.-iC^iS^-^ - 7 (^2 + ^ 



_43 







^B. ga^ ga. ^) + ^3V^ + 1^111^0^^-^^ - 7 






/r5((7^, a^; T, r) + /X3V^ - 7 (^2 + ^) 



^rB((7-B,a^;g«,g«;r,f)+/X3VT^ +m|/X7CnV-^ -7(r2 + 



ri 



52 



Ts{aS, aS; Q^, Q<^-t, f) + H3VTS - ^ (ra + ^) 



\ 



TsiaS, aS; a»; r, r) + /xgV^ " 7 + ^ 



+ - 



V- 



VT8 . 



^TB((T-B,a^;a»,a«;r,f)+/X3V^ +m|/X7CnV-^ -7(r2 + ^ 









rJC\j 




TB{aB,aB;G'', 


r, f) + /iaV^ + iKlfirCnV-^ - 





^ r5((7^, a^; G"; T, r) + ^usV^ - 7 (^^2 + ^ 

(r5(a^, a^; G"; r, f ) + /xaVi^ + inlfnC^iV-'^ - 7 (r2 + ^)) ' 

yr5((7^,a^;a«,g»;r,r) + /i3V^ + ^kI/xtCiiV-^ - 7 (r2 + ^) J 
det (^iCij j ~ ^ 



_ 43 

~ V 36 ; 



L /3 



1 



rB((7-B, a^; T, f) + fi^V^ + iKlnrCuV'^ - 7 I ?'2 + ' ^ 



Ts{aS, aS- G", r, r) + nsV^a - 7 r2 + 



n 



TsiaB ,aB-G'',G'';T,f) + nsVTS + inliiyCiiV-^ - {r2 + 
sjrs{aS, aS- g»; r, r) + ^sV^ - 7 (^2 + ^) ^ 



53 



rs((7S,CTS;g»,g«;r,r) + /X3Vi^ +m|/X7CnV-i - 7|r2+ '2 



ri 



(r«(c7«, a«; r, f ) + //sV^ - 7 (r2 + ^ 

1 

TbK, a^; a^ T, f) + AiaVi^ + mlMvCnV-^ - 7 (r2 + ^) 
^r5((7«, a^- a»; r, r) + ^isV^ - 7 (^2 + ^) ^ 



1 



rB((7^, a^; g», r, r) + /X3V18 + m|/X7CnV-2 - 7 r2 + 



+ j _ ^ 

Syrs((7S, a^; g», g»; r, r) + /xgVi^ + ml/i7CnV-^ - 7 (r-2 + ^) 



7b((7^, ^^ a'^; T, f) + AiaVi^ + mlMTCiiV-^ - 7 (r2 + ^) 

1 1 



y'r5((75, a^; g»; r, r) + /igV^ - 7 (^2 + ^) 



1 



rB(a^, a^; a», r, r) + /xgVi^ + ml/X7CnV-^ - 7 f r2 + ^ 



TsiaS, a^; Q^, Q^- r, f) + //gV^ - 7 (^^2 + 

■ (rB(a-B, a^; g«; T, f ) + /xgVi^ + mlM7CnV-5 - 7 (r2 + ^ 

, /^3 

TbK, a^; r, f) + msV^^ + m|/X7CiiV-^ - 7 (^-2 + ^) 



-9a 



(D6) 
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Using (D6) and (66), one obtains: 

F'^dm In det (i^^j) ~ ms. (D7) 

E First and Second Derivatives of Z with respect to Closed String Mod- 
uli d", 

Prom (46), one sees: 

(/iaV^ +ir2V-^)' 

^Z1Z2 ~ ^ X 



|'m|/X7CiiV-5(/i3VM +7r2V-M)WrB((T-B,a^;g«,g«;r,f)+/X3Vi^ +m|/X7C'iiV-5 -7(r2 + ^) 



Ts{aS, r, f ) + /[/3V^ - 7 ( ^^2 + — 



(El) 



The first and second derivatives of Z are also relevant to the evaluation of the soft SUSY breaking parameters 
in section 5. The same are given as under: 



(^^rB((7S,aS;g«,g«;r,f) + /X3V^ +ml/i7CnV-^ -7(r2 + ^) - ^jTs{aS , a^- r, f ) + /xgVii - 7 (^^2 + 



+ 



[jTB{aB, aB- r, f) + /X3V^ + iKlinC^{V-^ - 7 (^2 + - '^^^((t^, a^; a«, g«; r, f ) + /X3V - 7 (?'2 + ^ )) 



1 



^TBia^, a^; ga, r, f) + /X3V^ + m|//7CnV-^ - 7 (^2 + ^) - ^^^(a^, a^; g^, r, f) + ^isV^s -j(r^ + rl 



n 



773 



E 

L /3 



n^A:«sm(...) + (e;",a") x 



55 



TsiaS, a^; g«, r, r) + /X3VT8 - 7 + 



V 



7_ 
' 54 . 



(E2) 



dfjcxd-p Z2^.2^. \ \ — 

H2 (T«(a", a"; r, f) + /i3V^ + m2^7CnV-5 - ^ (r2 + ^ 



+ 



dgad^aZziZi ~ 



+ 



\^ ^rij(a^, a^; g^, g^; r, f) + //gV^ + ml^TCnV"^ - 7 (^2 + ^) ^jTs{aS, a^; g", r, f ) + msVi^ _ ^ + ^) ^ 
(^rB((7S, a^; r,f) + M3V^ +ml/X7CnV-^ -7(^2 + ^) - ^r5((T5, a^; g», r, f ) + /xgV^ - 7 (^2 + $)) 



5 25 
dgadgaZZiZi ~ 



(j'rB(a-B,a«;a»,g«;r,f) + /X3V^ +m|//7CnV-^ -7(r2 + ^) - WT^Ca^, a^; g«, r, f ) + /xsV^ - 7 (r2 + ^ 



n 



5 



Vii (^^rB(aS,a^;a",a«;r,r) + M3Vi^ +ml/i7CnV-^ -7(r2 + ^) - ^jrs{(TS , a^- a», a«; r, f ) + /xaV^^ - 7 (^2 + 

Vii (^^rB((7S,aS;g»,g«;r,r) + M3V^ +ml/X7CnV-^ -7(r2 + ^) - ^jTsia^, a^- a», g«; r, f ) + /xaV^i - 7 ('^2 + $)) 



774 



5 _ 17 



(E3) 

Similarly, 

V^(rB(a^,a^;6;«,a«;r,r) + /X3V^+ml/X7CnV-^-7(r2 + $))' 
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{G\ g«) (rB(c7^, a^; T, r) + ^gVi^ + inlinC^iV-'^ - 7 (^2 + $)) 

C^g-^^yliyli ~ ' ^^3 

^n^A;"sm(...) + (a",a") x 
■ P 



rs(c7^, a^; a«, a«; r, f) + //gV^ - 7 | ^^2 + — 



\ \ '^^ J \ V 

~V~s~^", (E4) 
where Q°- ~ V"^", < ga < I, and 

a^B^^BZ^^^^ p 



-41 

~ V 36 ; 



d„s d^s Z J r ~ 



(rB((7^, a^- g\g^- r, f) + //gV^ + ml/zrCnV-^ - 7 (r2 + - 



3 



rs(a^, a^; Q'^, Q^- r, f) + ^i^V^ - 7 (^2 + ^) 



+ 



E^^TsiaS, aS; g-, Q-; r, f) + fi^V^s - 7 (r2 + 
(rB(a^, a^; g^ g"; r, f) + /xaV^ + ml^^CnV"^ - 7 (^"2 + $)) (^5(^7^, a^; g"; r, f ) + fisVTS - 7 (r2 + ^)) 
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_41 

~ V 36 ; 



v'iJTsia^, a^; r, f ) + /xaV^^ - 7 (?-2 + ^) 



(TB{a^,a^; g\ g"; r, f ) + /xgVii + ml/irCnV-^ - 7 (^^2 + ^)) ' -^^^((t^, a^; g«; r, f ) + ii^V^s - 7 (r2 + ^) 



41 
V-36; 



g«) ^rB((7-B,aS;a»,g«;r,f)+/Z3V^ +ml/i7CiiV-^ -7(r2 + ^ 

d^BdgaZj^^j^^ ^3 
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3 

VT+Ia:„ V'i-+-eka (rB(c7^,a^;6;«,g«;r,r) + /X3Vii +ml/X7CnV-^ -7 (r2 + ^))' 

+ — + ^ ^4 ^ ~ 

- _ 5 

Similarly, d^sdgaZj^^^^ ~ V 

^ + ^3 

VT+1 (rs(a^, a^; g", Q'^- r, f) + /^aV^ + iKlinC^iV-'^ - 7 (rs + ^)) 

V^+^ (rB(c7^, a^; g"; T, f ) + /xsVi^ + mlMTCnV"^ _ ^ (^-2 + ^J)) 
+ ^ —A ^ ^^~V-9. (E5) 
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